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compositions thereof and pharmaceutical use thereof. The heterocyclic amide compounds and pharmacologically 
acceptable salts thereof of the present invention have superior inhibitory activity against chymase groups in mammals 
inclusive of human, and can be administered orally or parenterally. Therefore, they are useful as chymase inhibitors and 
can be effective for the prophylaxis and treatment of various diseases caused by chymase, such as those caused by 
£g angiotensin II. 
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Descripti n 
Technical Field 

s The present invention relates to novel heterocyclic amide compounds, pharmacologically acceptable sate thereof, 
pharmaceutical compositions thereof and pharmaceutical use thereof. More particularly, the present invention relates 
to pyrtdone- and pyrimidoneacetamide derivatives which are useful pharmacologically, diagnosticaJly and for the proph- 
ylaxis and treatment of diseases, and pharmacologically acceptable salts thereof. The present invention also relates to 
intermediates necessary for the synthesis of the above-mentioned heterocyclic amide compounds. 

10 

Background Art 

Angiotensin II shows physiological activities such as vasopressin by strong contraction of blood vessel, stimula- 
tion of aldosterone secretion from adrenal cortex (aldosterone retains sodium), and the like, and is considered to be a 
is causative substance or risk factor of diseases such as hypertension, hypercardia, myocardial infarction, arteriosclero- 
sis, diabetic and non-diabetic renal diseases, vascular restenosis after PTCA (percutaneous transluminal coronary 
angioplasty) and the like. 

It is known that this angiotensin II is generated by cleavage of two amino acid residues from angiotensin I, which is 
a peptide consisting of ten amino acids present in a living body, and that angiotensin converting enzyme (ACE) is 
20 involved in said cleavage. Thus, numerous ACE inhibitors have been developed for the prophylaxis and treatment of the 
above-mentioned diseases. 

Meanwhile, actions of a chymase group including human heart chymase, human mast cell chymase and human 
cutis chymase, which is one of the subfamilies of serine protease, have been drawing attention in recent years. 

It has been clarified that chymase is involved in the course of generation, which is independent from ACE, of angi- 
25 otensin II in the conversion of the above-mentioned angiotensin I to angiotensin II (Okunishi et al., Jpn. J. Pharmacol. 
1993, 62, p. 207 etc. and others). Also, chymase is known to use, as substrates, numerous physiologically active sub- 
stances such as extracellular matrix, cytokine, substance P, VIP (vasoactive intestinal polypeptide), apoprotein B and 
the like, and known to be responsible for the activation of other proteases such as collagenase {Igakuno Ayumi, Miya- 
zakietaL, 1995, 172. p. 559). 

30 Therefore, chymase inhibitors are expected to become inhibitors of angiotensin II action, as well as agents for the 
prophylaxis and treatment of various diseases caused by chymase, since it inhibits generation of ACE non-dependent 
angiotensin II. A patent application drawn to a chymase inhibitor based on these ideas has been already filed 
(W093/25574). 

The above-mentioned patent application W093/25574 in the name of PFIZER INC. discloses a series of peptide 
35 compounds which are chymase (inclusive of human heart chymase) inhibitors. However, these compounds are peptide 
compounds which are unsatisfactory in terms of oral absorption, and no pharmacological test data are available. 

Patent applications filed by ZENECA LTD. (Japanese Patent Unexamined Publication Nos. 5-286946, 6-56785 and 
WO93/21210), J. Med. Chem. 1994, 37, p. 3090, J. Med. Chem. 1994, 37, p. 3303, J. Med. Chem. 1994, 37, p 3313 
and others disclose or report heterocyclic compounds which are human leukocyte elastase inhibitors, and these com- 
40 pounds are known to selectively inhibit human leukocyte elastase. 

It is therefore an object of the present invention to provide novel compounds having superior chymase inhibitory 
activity, pharmaceutical compositions thereof and chymase inhibitors. 

Disclosure of the invention 

45 

The present inventors have conducted intensive studies in an attempt to achieve the above-mentioned objects, and 
found that, by modifying or converting a part of the structure of the compound disclosed by ZENECA LTD., compounds 
can be obtained that inhibit chymase group, inclusive of human heart chymase, with high selectivity, without inhibiting 
other enzymes such as human leukocyte elastase, and exhibit superior absorption and safety, which resulted in the 
so completion of the present invention. 

Accordingly, the present invention relates to heterocyclic amide compounds of the formula (I) 



55 



2 



EP 0 826 671 A1 




0 0 



wherein 

R is hydrogen. -CHO. -CONH 2 , -COR 1 , -COOR 1 , -CONHOR 1 , -CONHR 1 , -CONR 1 R 1 \ -CONHS0 2 R 1 . - 

COSR 1 , -COCOR 2 , -COCOOR 2 , -CONHCOOR 2 -COCONR 3 R 4 -CSXR 1 , ^WR 1 , -SOzNR^'or 
-S0 2 E 
wherein 

R 1 and R 1 ' may be the same or different and each is independently alkyl, cydoalkyl, cycloalkyla- 
lkyl, aryi, arylalkyi, heteroaryl, heteroarylalkyl, heterocycle or heterocydealkyl, R 2 , 
R 3 and R 4 may be the same or different and each is independently hydrogen, alkyl or arylalkyi, - 
NR 3 R 4 may, in combination, show heterocycle, X is a direct bond, -NH-, -O- or -S-, W is a direct 
bond, -NH-, -NHCO-, -NHCOO- or -NHCONH-, and E is hydroxy or amino; 

R 5 , R 6 and R 7 may be the same or different and each is independently hydrogen or alkyl, or one of R 5 , R 6 and R 7 is 

aryi, arylalkyi, arylalkenyf, heteroaryl, heteroarylalkyl or heteroarylalkenyl and the rest are hydrogen; 
M is a carbon or nitrogen, provided that when M is a nitrogen, R 6 is void; 

Y is cydoalkyl, aryi or heteroaryl; 

Z is -CF 2 R 8 , -CF 2 CONR 9 R 10 , -CF 2 COOR 9 -COOR 9 or -CONR 9 R 10 

wherein 

R 8 is hydrogen, halogen, alkyl, perfluoroalkyl, aminoalkyi, alkylaminoalkyl, dialkyfaminoalkyl, 
alkoxyalkyl, hydroxyalkyl, aryi, arylalkyi, arylalkenyl, heteroaryl, heteroarylalkyl or heteroarylalke- 
nyl, R 9 and R 10 may be the same or different and each is independently hydrogen, alkyl, alkenyl, 
cydoalkyl, cycloalkylalkyl, heterocydealkyl, aryi, arylalkyi, arylalkenyl, heteroaryl, heteroarylalkyl 
or heteroarylalkenyl, and -NR 9 R 10 may, in combination, show heterocyde; and 

n isOorl; 

provided that 

of the above-mentioned groups, ^alkyl, cydoalkyl, cycloalkylalkyl, aryi, arylalkyi* arylalkenyl, heter- 
oaryl, heteroarylalkyl, heteroaryfalkenyl, heterocyde and heterocydealkyl optionally have substitu- 
ent(s), 

(hereinafter this compound is also referred to as compound (I)) and pharmacologically acceptable salts thereof. 

The present invention also relates to the above-mentioned heterocyclic amide compounds wherein, in the formula 
(I), Y is aryi optionally having substrtuent(s), and pharmacologically acceptable salts thereof ; the above-mentioned het- 
erocyclic amide compounds wherein, in the formula (I), Z is -CF 2 R 8 or -CF 2 CONR 9 R 10 , and pharmacologically accept- 
able salts thereof; and the above-mentioned heterocydic amide compounds wherein, in the formula (I), one of R 5 , R 6 
and R 7 is aryi optionally having substituent(s) and the rest are hydrogen, provided that when M is nitrogen, R 6 is void, 
and pharmacologically acceptable salts thereof. 

The present invention further relates to compounds of the formula (II) which are useful for synthesizing compound 

(0 
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wherein each symbol is as defined above (hereinafter this compound is also referred to as compound (II)). 

The present invention also relates to pharmaceutical compositions containing compound (I) or a pharmacologically 
acceptable salt thereof and a pharmacologically acceptable carrier, and to pharmaceutical use thereof, particularly to 
chymase inhibitors. 
15 Each symbol used in ths specification is explained in the following. 

Alkyl at R\ R 1 ' and R 2 -R 10 may be straight or branched and preferably has 1 to 6 carbon atoms, and is exemplified 
by methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl, n-hexyl and the like. 

Cycloalkyl at R 1 , R 1 ', R 9 , R 10 and Y preferably has 3 to 7 carbon atoms, and is exemplified by cyclopropyi, 
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and the like. 
20 Cycloalkylalkyl at R 1 , R 1 ', R 9 and R 10 has the same cycloalkyl moiety as above and its alkyl moiety may be straight 
or branched and preferably has 1 to 3 carbon atoms. Examples thereof include cyd opropylmethyl, 2-cyclobutylethyl, 3- 
cyciopentylpropyl, cydohexylmethyl, 2-cyclohexyl ethyl, cycloheptylmethyl and the like. 

Aryl at R 1 f R 1 *, R^R 10 and Y is preferably phenyl, naphthyl, an ortho-fused bicydic group having 8 to 10 cyclic 
atoms wherein at least one ring is aromatic ring (e.g., indenyl) and the like. 
25 Arylalkyl at R 1 , R 1 ' and R 2 -R 10 has the same aryl moiety as above and its alkyl moiety may be straight or branched 
and preferably has 1 to 3 carbon atoms. Examples thereof include benzyl, phenethyl, 3-phenylpropyl, 1 -naphthylmethyl, 
2-naphthylmethyl, 2-(1-naphthyl)ethyl, 2-(2-naphthyl)ethyl, 3-(1-naphthyl)propyl, 3-(2-naphthyl)propyl and the like. 

Arylalkenyl at R 5 -R 7 has the same aryl moiety as above and its alkenyl moiety may be straight or branched and 
preferably has 2 to 6 carbon atoms. Examples thereof include 3-phenyl-2-propenyl, 4-phenyl-3-butenyl t 5-phenyl-4- 
30 pentenyl, 6-phenyl-5-hexenyl, 3-(1-naphthyl)-2-propenyl, 4-(2-naphthyl)-3-butenyl and the like. 

Arylalkenyl at R 8 -R 10 has the same aryl moiety as above and its alkenyl moiety may be straight or branched and 
preferably has 3 to 6 carbon atoms. Examples thereof include 3-phenyl-2-propenyl, 4-phenyl-3-butenyl and the like. 

Heteroaryl at R 1 , R 1 ' ( R 5 -R 10 and Y is preferably a 5 or 6-membered ring having carbon atom(s) and 1 to 4 hetero 
atoms (oxygen, sulfur or nitrogen) and an ortho-fused bicyclic heteroaryl having 8 to 10 cydic atoms, particularly benzo 
55 derivatives, and those produced by fusing propenylene, trimethyfene or tetramethylene therewith, and its stable N-oxide 
and the like. Examples thereof indude pyrrolyl, furyl, thienyl, oxazolyl, isoxazolyl, imidazolyl, thiazotyl, isothiazolyl, pyra- 
zolyl, triazolyl, tetrazolyl, 1,3,5-oxadiazolyl, 1,2,4-oxadiazolyl, 1,2,4-thiadiazolyl, pyridyl, pyranyl, pyrazinyl, pyrimidinyl, 
pyridazinyl, 1 ,2,4-triazinyl, 1 ,2,3-triazinyl, 1 ,3,5-triazim/l, benzoxazolyl, benzothiazolyl, benzimidazolyl, thianaphthenyf, 
isothianaphthenyl, benzofuranyl, isobenzofuranyl, chromenyl, isoindolyl, indolyl, indazolyl, isoquinolyl, quinolyl, 
40 phthalazinyl, quinoxalinyi, quinazdinyl, cinnolinyl, benzoxazinyl and the like. 

Heteroarylalkyl at R 1 , R 1, and R 5 -R 10 has the same heteroaryl moiety as above and its alkyl moiety may be straight 
or branched and preferably has 1 to 3 carbon atoms. Examples thereof indude 2-pyrrolylmethyl, 2-pyridylmethyl, 3-pyri- 
dylmethyl, 4-pyridylmethyl, 2-thienylmethyl, 2-(2-pyridyl)ethyl, 2-(3-pyridyl)ethyl, 2-(4-pyridyl)ethyl ( 3-(2-pyrrolyl)propyl 
and the like. 

45 Heteroarylalkenyl at R 5 -R 7 has the same heteroaryl moiety as above and its alkenyl moiety may be straight or 
branched and preferably has 2 to 6 carbon atoms. Examples thereof include 3-(2-pyridyl)-2-propenyl, 4-(3-pyridyl)-3- 
butenyl, 5-(2-pyrroiyl)-4-pentenyl f 6-(2-thienyl)-5-hexenyl and the like. 

Heteroarylalkenyl at R 8 -R 10 has the same heteroaryl moiety as above and its alkenyl moiety may be straight or 
branched and preferably has 3 to 6 carbon atoms. Examples thereof include 3-(2-pyridyl)-2-propeny1, 4-(2-pyridyl)-3- 

50 butenyl and the like. 

Heterocycle at R 1 and R 1, is a 4 to 6-membered ring having carbon atom(s) and 1 to 4 hetero atoms (oxygen, sulfur 
or nitrogen), which is exemplified by azetidinyl, pyrroiidinyl, piperidinyl, piperidino, piperazinyl, morpholinyl, morpholino, 
thiomorpholinyl, oxothiomorpholinyl, dioxothiomorpholinyl, tetrahydropyranyl, dioxacydohexyl and the like. 

Heterocycle represented by -NR 3 R 4 and -NR 9 R 10 is a 4 to 6-membered ring having carbon atom(s), at least one 
55 nitrogen atom and optionally other hetero atom (oxygen or sulfur), which is exemplified by azetidinyl, pyrroiidinyl, pipe- 
ridino, piperazinyl, morpholino, thiomorpholino, oxothiomorpholino, dioxothiomorpholino and the (ike. 

Heterocyclealkyl at R 1 , R 1 ', R 9 and R 10 has the same heterocycle moiety as above (R 1 , R 1< ) and its alkyl moiety 
may be straight or branched and preferably has 1 to 3 carbon atoms. Examples thereof indude azetidinyiethyl, pyrrolid- 
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inylpropyl, piperidinylmethyl, piperidinoethyl, piperazinylethyl, morpholinylpropyt, morpholinomethyl, thiomorpholinyle- 
thyl, oxothiom rpholinylethyl, dioxothiomorpholinylethyt, tetrahydropyranyipropyl, dioxacyclohexylmethyl and the like. 
Halogen at R 8 is exerrplrfied by fluorine, chlorine, bromine and iodine. 

Perf luoroalkyl at R 8 may be straight or branched and preferably has 1 to 6 carbon atoms. Examples thereof include 
5 trifluoromethyl, pentafluoroethyl, heptafluoropropyl and the like. 

Arrrinoalkyl at R 8 has an alkyl moiety which may be straight or branched and preferably has 1 to 6 carb n atoms. 
Examples thereof include aminomethyl, aminoethyl, aminopropyl, aminobutyl, aminopentyl, aminohexyl and the like. 

Alkylaminoalkyl at R 8 has an alkyl moiety which may be straight or branched and preferably has 1 to 6 carbon 
atoms. Examples thereof include methylaminomethyl. methylaminoethyl, ethylaminopropyl, ethylaminobutyl, methyl- 
10 aminopentyl, methylaminohexyl and the like. 

Dialkylaminoalkyi at R 8 has an alkyl moiety which may be straight or branched and preferably has 1 to 6 carbon 
atoms. Examples thereof include dimethylaminomethyl, dimethylaminoethyl, diethylaminopropyl, diethylaminobutyl, 
dimethylaminopentyl, dimethylaminohexyl and the like. 

Alkoxyalkyl at R 8 has an alkoxy moiety and alkyl moiety which may be respectively straight or branched and pref- 
is erably have 1 to 6 carbon atoms. Examples thereof include methoxymethyl, methoxyethyi, ethoxypropyl, ethoxybutyl, 
methaxyperrtyl, methoxyhexyf and the like. 

Hydroxyalkyl at R 8 has an alkyl moiety which may be straight or branched and preferably has 1 to 6 carbon atoms. 
Examples thereof include hydroxy methyl, hydroxy ethyl, hydroxypropyl, hydraxybutyl, hydroxypentyl, hydroxyhexyl and 
the like. 

20 Alkenyl at R 9 and R 10 may be straight or brancHecf'and preferably has 3 to 6 carbon atoms, and exemplified by 2- 
propenyt, 3-butenyl, 4-pentenyl, 5-hexenyl and the fike. 

Of the above-mentioned substituents, alkyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyi, arylalkenyl, heteroaryl, heter- 
oarylalkyl, heteroarylalkenyl, heterocycie and heterocyclealkyl may be substituted by one or more substituents from the 
following. 

25 Examples of the substituent include halogen, hydroxy, nrtro, cyano, trrfluoromethyl, alkyl, alkoxy, alkylthio, formyl, 
acyloxy, oxo, phenyl, arylalkyi, -COORa, -CH 2 COORa, -OChfeCOORa, -CONRbRc. -O-feCONRbRc, - 
OCHaCONRbRc, -CX)0(CH 2 ) 2 NReRf, -S0 2 T 1 , -CONRdS0 2 T 1 , -NReRf, -NRgCHO, -NRgCOT 2 , -NRgCOOf 2 , -NRhC- 
QNRiRj, -NRkS0 2 T 3 , -S0 2 NRIRm, -S0 2 NRnCOT 4 and the like. 

With respect to the above-mentioned substituents, halogen, alkyl and arylalkyi are exemplified by those mentioned 

30 above. Alkoxy may be straight or branched and preferably has 1 to 6 carbon atoms. Examples thereof include methoxy 
ethoxy, propoxy, butoxy, pentyloxy, hexyioxy and the like. Alkylthio may be straight or branched and preferably has 1 to 
6 carbon atoms. Examples thereof include methyfthio, ethytthio, propylthio, butyfthio, pentylthio, hexylthio and the like. 
Acyloxy may be straight or branched and preferably has 1 to 6 carbon atoms. Examples thereof include formyloxy, 
acetyloxy, propionyfoxy, butyryloxy, vaieryloxy, pivaJoyloxy, hexanoyloxy and the like. 

35 Ra-Rn means hydrogen, alkyl (as defined above) or arylalkyi (as defined above). -NRbRc, -NReRf, -NRiRj and - 
NRIRm may, together with the adjacent nitrogen, mean heterocycie (same as those exemplified by -NR 3 R 4 and - 
NR 9 R 10 , which may be substituted by the above-mentioned substituents), and -NReRf may mean heteroaryl having =0 
(e.g., 2-pynrolidinon-1-yl, sucdnimido, cxazolidin-2-on-3-yl, 2-benzoxazoIinon-3-yl, phthalimido, cis-hexahydrophthalim- 
ido and the like). T 1 -T* mean the same groups as the above-mentioned R 1 , which may be substituted by the above- 

40 mentioned substituents. Q means =0 or =S. 

The compound (I) can exist as optically active compounds and racemates due to asymmetric carbon to which - 
(CH 2 )n-Y is bonded. Said racemates can be resolved into optically active compounds by a method known per se. 
When compound (I) has additional asymmetric carbon, the compound can exist as diastereomer mixtures or a single 
diastereomer. Each diastereomer can be isolated by a method known perse. 

45 The compound (I) can exhibit a polymorphism, and can exist as more than one tautomers. In addition, it can exist 
as solvates (e.g., ketone solvate, hydrate and the like.). 

Therefore, the present invention encompasses any stereoisomers, optical isomers, polymorphs, tautomers, sol- 
vates mentioned above and optional mixtures thereof. 

When the compound (I) is an acidic compound, its pharmacologically acceptable salt is exemplified by alkali metal 

so salt (e.g., salts with lithium, sodium, potassium and the like), alkaline earth metal salt (e.g., salts with calcium, magne- 
sium and the like), aluminum salt, ammonium salt salts with organic base (e.g., salts with triethylamine, morpholine, 
piperidine, triethanolamine and the like), and the like. 

When the compound (I) is a basic compound, its pharmacologically acceptable salt is exemplified by inorganic acid 
addition salt (e.g., salts with hydrochloric acid, hydrobrorrdc acid, hydriodic acid, sulfuric acid, phosphoric acid and the 

55 like), organic acid addition salt (e.g., salts with methanesulfonic acid, benzenesutfonic acid, p-toluenesulfonic acid, for- 
mic acid, acetic acid, trifluoroacetic acid, oxalic acid, citric acid, malonic add, fumaric acid, glutaric acid, adipic acid, 
maleic add, tartaric acid, sucdnic add, mandelic acid, malic acid and the like), salts with amino acid (e.g., salts with 
glutamic add, aspartic add and the fik ), and the like. 
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Of the compounds of the present invention, pr ferable compound is a compound wherein, in the formula (0. Y is 
aryt optionally having substituent(s); a compound wherein, in the formula (I), Z is -CF 2 R 8 or -CF 2 CONR 9 R 10 ; a com- 
pound wherein, in the formula (I), one of R 5 , R 6 and R 7 is aryl optionally having substrtuent(s) and the rest are hydro- 
gen, provided that when M is nitrogen, R 6 is void; and the like. 

More preferable compound is exemplified by the compounds of Examples to be mentioned later, namely, com- 
pounds of Examples 3, 4, 7, 8, 29, 33, 48, 50, 61, 62, 83, 84, 87, 88, 90 and 93 and the like. 

The production method of the compound (I) of the present invention is shown in the following scheme I. 
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(VI) 



wherein R 11 is hydroxy-protecting group (e.g., tert-butyldimethylsilyl, triisopropylsilyl, tert-butyldiphenylsilyf and the 
like), cbz is benzyloxycarbonyl and other symbols are as defined above. 

25 As shown in the above scheme I, compound (III) is condensed with amine A to give compound (VII) or compound 
(III) is condensed with amine A 1 to give compound (IV). 

The compound (III) may be a compound disclosed in publications (e.g., Japanese Patent Unexamined Publication 
Nos. 6-56785, 5-286946, Warner et ah, J. Med. Chem. 1994, 37, p. 3090, Damewood et at., J. Med. Chem. 1994, 37, 
p. 3303, Veale et ah, J. Med. Chem. 1995, 38, p. 98, WO93/21210 and the like) or can be prepared by a conventional 

30 method based on these publications. The production methods of amine A and amine A' are described later. 

A condensing agent used for this condensation and which activates carboxylic acid of compound (III) may be suit- 
ably dicydohexylcarbodiimide (DCC)/hydroxybenzotriazole (HOBT), N-tS-dimethytaminopropyQ-N^ethylcarbodiimide 
(WSCI). hydrochloride thereof/HOBT, WSCI or hydrochrolide thereof/4-dimethy!aminopyridine (DMAP), 2-ethoxy-1- 
ethoxycarbonyi-1,2-dihydroquinoline (EEDQ), carbonyldiimtdazole (CDI)/HOBT, diethylphosphoryl cyanide and the like. 

3$ Said reaction is generally carried out in an inert solvent wherein the inert solvent used may be any as long as it is 
aprotic. Suitable examples thereof include acetonrtrile, dichloromethane, chloroform, N t N-dimethylfbrmamide and the 
like. The condensation is generally carried out at a temperature of -30°C to 80°C, preferably 0°C to 25°C. 

The hydroxy group of compound (VII) thus obtained may be protected to give compound (IV). Conversely, the 
hydroxy-protective group (R 11 ) of compound (IV) may be deprotected to give compound (VII). 

40 Benzyloxycarbonyl of compound (IV) can be removed by a conventional method, such as hydrogenolysis and the 
like, to give compound (V). 

The amino bound to carbon on heterocyclic ring (e.g., pyridone ring or pyrimidone ring) of compound (V) is acylated 
or sulfonylated by a conventional method to give a compound (VI) wherein R is substrtuent other than hydrogen. 

A compound (VI) wherein R is -CHO. -CONHg. -COR 1 , -COOR 1 , -CONHOR 1 , -CONHR 1 , -CONR 1 R 1 ', - 
46 CONHS0 2 R\ -COSR 1 , -COCOR 2 , -COCOOR 2 , -CONHCOOR 2 or -COCONR 3 R 4 is synthesized by using an active 
carboxylic acid derivative such as acid halide, using carboxylic acid and a coupling agent, and other method. 

When a compound (VI) wherein R is -CONH 2 , -CONHR 1 , -CONHSC^R 1 or -CONHCOOR 2 is synthesized using 
isocyanate and the like. Alternatively, carbonyldiimidazole, phosgene, diphosgene (trichloromethyl chloroformate), tri- 
phosgene [bis(trichloromethyl)carbonate] or the like is used with an alcohol of the formula: R 1 OH, thiol of the formula: 
so R 1 SH or an amine of the formula: R 1 NH 2 , (R 1 ) 2 NH or R 1 ONH 2 , and a base such as triethylamine and the like. 

When a compound (VI) wherein R is -CSXR 1 is synthesized, the method therefor includes the use of activated thi- 
ocarboxylic acid derivative (e.g., thioyl chloride, lower alky! ester of dithioic acid and the like), the use of thioic acid and 
a coupling agent, and the like. Alternatively, a method may be used wherein dimethyl trithiocarbonate and the like is 
used with an alcohol of the formula: R 1 OH, thiol of the formula: R 1 SH or amine of the formula: R 1 NH 2 . When a com- 
55 pound (VI) wherein X is -NH- is synthesized, isothiocyanate may be used. 

When a compound (VI) wherein R is -S0 2 WR 1 , -S0 2 NR 1 R 1, or -S0 2 E is synthesized, the following method is suit- 
abt for suKonylation. For example, a sulfonic acid of the formula: HO-S0 2 WR 1 , H0-S0 2 NR 1 R 1 ' or HO-S0 2 E, or a cor- 
responding acid halide, particularly, suffonyl (or sulfamoy!) chloride of the formula: Cl-S0 2 WR 1 , Cl-S0 2 NR 1 R 1 * or Cl- 
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S0 2 E and an organic base (e.g., triethylamine, pyridine and the like) or inorganic base ( .g.. sodium carbonate, potas- 
sium carbonate and the like) are used in an inert solvent (e.g., dichloromethane, tetranydrofuran, toluene and the like). 

When compound (VI) compris s -COORa (carboxyl) wherein Ra is hydrogen as a substituent of each substituent 
at R or Z, for example, said compound is obtained by decomposing the corresponding ester (compound (VI) having, as 

5 substituent of substituent, -COORa wherein Ra is not hydrogen) synthesized using a suitably-removable acid protecting 
group. This decomposition can be carried out by a various methods known in organic chemistry, such as basic hydrol- 
ysis using lithium hydroxide or sodium hydroxide or hydrogenolysis of benzyl ester and the like. 

When compound (VI) comprises -COORa, -CONRbRc, -COOfCH^NReRf or -CONRdS0 2 T 1 as a substituent of 
each substituent at R or Z, for example, said compound is obtained by reacting a compound of the formula: HORa, 

10 HNRbRc, HOfCHafeNReRf or HNRdS0 2 T 1 (when Ra-Rf is not hydrogen), and compound (VI) having, as substituent of 
substituent, -COORa (carboxyl) wherein Ra is hydrogen, or its active derivative. 

When compound (VI) comprises -OCH 2 COORa or -OCH 2 CONRbRc as a substituent of each substituent at R 5 -R 7 , 
R or Z, for example, said compound is obtained by reacting a compound of the formula: BrCH 2 COORa t ICH 2 COORa, 
BrCH 2 CONRbRc or ICHfeCONRbRc (when Ra-Rc is not hydrogen) and compound (VI) having, as substituent of sub- 

is stituent, hydroxy in the presence of a base such as sodium hydride and the like. 

When compound (VI) comprises -NRgCOT 2 , -NRgCOOT 2 , -NRhCQNRiRj, -NRkS0 2 t 3 or acyloxy as a substituent 
of each substituent at R 5 -R 7 , R or Z, for example, said compound is obtained by reacting the corresponding compound 
(VI) having, as substituent of substituent, hydroxy or amino such as -NHRg, -NHRh or -NHRk, with an active derivative 
of an acid of the formula: HOCOT 2 . HOCOOT 2 , HOCQNRiRj or HOSOgf 3 . 

20 When compound (VI) comprises heteroaryl-N-oxide in R 5 -R 7 , R or Z, said compound is obtained by oxidizing the 
corresponding compound (VI) having heteroaryt in R 5 -R 7 , R or Z using a conventional oxidizing agent such as dioxirane 
in acetone and the like. 

While conversion and the like of a substituent of each substituent in R, Z and the like have been explained by refer- 
ring to compound (VI), such conversion and the like are not limited to compound (VI) alone, but as long as they are 
25 unaffecting other functional groups present in the chemical structure, applicable to various other compounds. For exam- 
ple, when substituent of substituent in R, Z and the like is amino or hydroxy, the conversion is preferably carried out not 
with respect to compound (VI) but compound ( I) . 

The compound (II) is obtained by removing the hydroxy-protecting group (R 11 ) of compound (VI). This compound 
(II) is useful as an intermediate for the synthesis of compound (I). 
30 The hydroxy-protecting group is removed using tetrabutyf ammonium fluoride in an inert solvent such as tetranydro- 
furan, wherein the reaction mixture is preferably buffered using an acid such as acetic acid. 

Then, hydroxy of compound (II) is oxidized to give compound (I). 

The oxidization is preferably carried out by, for example, using dimethyl sulfoxide in excess and water soluble car- 
bodiimide at about room temperature in an inert solvent such as toluene and using dichloroacetic acid as a catalyst. 
35 Other useful methods include, for example, the use of aqueous alkaline potassium permanganate solution; the use of 
oxalyl chloride, dimethyl sulfoxide and tertiary amine; the use of acetic anhydride and dimethyl sulfoxide; the use of pyri- 
dine-sulfur trioxide complex and dimethyl sulfoxide; the use of chromium (VI) oxide-pyridine complex in methylene chlo- 
ride; and the use of hypervalent iodine reagent such as periodinane (e.g., 1,1,1 -triacetoxy-1 ,1 -d hydro- 1 ,2-benziodaxol- 
3(1H)-one) in dichloromethane or dtmethylformamide. 
40 Hydroxy of compound (VII), which is obtained by condensing compound (III) and amine A or elimination of hydroxy- 
protecting group of compound (IV), is oxidized by the above-mentioned method to give compound (I) having amino pro- 
tected by benzyloxycarbonyl. 

This compound is then deprotected by removing benzyloxycarbonyl by the above-mentioned method to give com- 
pound (I) wherein R is hydrogen. 
45 This compound may be subjected to acylation and the like to give compound (I) wherein R is other than hydrogen. 
Scheme II shows different production method of compound (IV). This method is applicable only when M is carbon. 
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Scheme II 
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30 wherein each symbol is as defined above. 

As shown in the above scheme II, compound (VIII) (compound disclosed in publications such as Japanese Patent 
Unexamined Publication No. 6-56785, Warner et at., J. Med. Chem. 1994, 37, p. 3090 and Damewood et al., J. Med. 
Chem. 1994, 37, p. 3303, or compound prepared by a conventional method according to these publications} and com- 
pound B are reacted to give compound (IV). The production method of compound B is to be descrfoed later. 

35 This reaction includes, for example, as disclosed in Japanese Patent Unexamined Publication No. 6-56785 and J. 
Med. Chem. 1994, 37, p. 3303, treating compound (VIII) in an aprotic solvent, particularly an inert solvent such as N,N- 
dimethyiformamide and tetrahydrofuran, using a base, such as sodium hydride and potassium hydride, at -30°C to 
80°C, preferably at 0°C to 30°C and then reacting the resulting compound with compound B at -30°C to 80°C, preferably 
at 0°C to 30°C. 

40 The compound (IV) thus obtained is converted $ compound (I) by the method shown in scheme I. 

Amine A, amine A* and compound B necessary for the above-mentioned synthesis can be synthesized by the 
methods shown in the following schemes lll-Vll. 

In scheme III, synthetic method of amine A wherein Z is -CF 2 R 8 wherein R 8 is hydrogen, fluorine, aikyl or perfluor- 
oalkyl is shown. 
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Scheme III 
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wherein Ph is phenyl and other symbols are as defined above. 

As disclosed in the reports of Kolb et al. (Uebigs Ann. Chem. 1990, p. 1) and Peet et al. (J. Med. Chem. 1990, 33, 
p. 394), N-aroylamino acid derivative (IX) is treated with acetic anhydride to give oxazolone (X). This oxazolone (X) is 
reacted with acid anhydride (e.g., when Z is CF 3 , it is trHluoroacetic anhydride) having the desired Z to give compound 
30 (XI) into which acyl has been introduced. Then, the compound is subjected to decarboxylation using oxalic acid to give 
compound (XII), followed by reduction of carbonyl aojoining -CF 2 R 8 to give compound (XIII). Finally, hydrolysis using 
an acid to remove aroyl gives amine A. 

In the following method shown in scheme IV, amine A can be synthesized wherein Z is -CF 2 R 8 wherein R 8 is not 
limited to hydrogen, fluorine, alkyl and perfluoroalkyl. 

35 
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Scheme IV 
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wherein each symbol is as defined abova 

As disclosed in the report of McBee et al. (J. Am. Chem. Soc. 1956, 78, p. 4053), a suitable nitroaJkane (XIV) is 
condensed with compound (XV) to give nttro alcohol (XVI). The compound (XV) can be synthesized by, for example, the 
30 method disclosed in the report of Welch (Tetrahedron Lett. 1987, 43, p. 3123) combined with general methods in 
organic chemistry. In addition, compound (XV) can exist as hydrate or hemiacetal. Then, according to the method of, 
fa example, Abeles et al. (Biochemistry, 1987, 26, pi 4474), nttro of this compound (XVI) is reduced with a suitable 
reducing agent to give amine A. 

When R 8 is a substituent having amino and hydroxy, said amino and the like need to be protected by a stable pro- 
35 tecting group in each reaction mentioned above. 

Scheme V shows synthetic method of amine A wherein Z is -COOR 9 . 
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Scheme V 
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wherein Rp is amino-protecting group (&g., benzyloxycarbonyi (cbz), tert-butoxycarbonyl (BOC) and the like), Rq is 
alkyt having 1 to 6 carbon atoms and other symbols are as defined above. 
Compound (XVII) is esterified first to give compound (XVIII). 

This esterrfication may be carried out by, for example, reacting the compound with alkyl halide corresponding to Rq, 
in the presence of a base such as potassium hydrogencarbonate, or by reacting with diazoalkane. 

While a number of a-amino acids of the formula (XVII) wherein amino is protected are commercially available, 
when using one which is not commercially available, such a-amino acid can be synthesized by obtaining amino acid 
from aldehyde Y-fChynCHO by Strecker synthesis method or other method known perse, followed by protection of the 
amino. 

Then, compound (XVIII) is reduced using, for example, diisobutyl-aluminum hydride to give compound (XX) with 
ease. As shown in the report of Fehrentz et al. (Synthesis, 1983, p. 676), compound (XVII) is condensed with N.O- 
dimethyihydrcxylamine to give an amide derivative and the derivative is reduced with lithium aluminum hydride for the 
desired synthesis. 

A different method include reducing compound (XVIII) with, for example, sodium borohydride/lithium chloride to 
give compound (XIX) and oxidizing compound (XIX) by the oxidizing method, which has been described for conversion 
of compound (II) to compound (I), to give compound (XX). 

Then, compound (XX) treated with cyanide salt, preferably potassium cyanide or sodium cyanide, in the presence 
of an auxiliary solvent such as tetrahydrofuran, ethyl acetate and dioxane in an aqueous solution to give compound 
(XXI). 

The compound (XXI) thus obtained can be converted to amine A wherein 2 is -C00R 9 by decomposition of cyano 
by the addition of alcohol. 

This reaction is generally done by reacting compound (XXI) and compound R 9 OH in the presence of a suitable pro- 
ton source (e.g., hydrogen chloride). In this case, the protecting gr up Rp of amino may be simultaneously removed. In 
the contrary case, the protecting group is eliminated by a method known per se. The points to note when R 9 is a sub- 
stituent having amino and the like are as described above. 
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When Z is -CONR 9 R 10 , amine A is synthesized as in the following. 

The amino group off amine A wherein Z is -COOR 9 is protected with Rp, and ester (COOR 9 ) is hydrolyzed by the 
above-mentioned method known perse. The resulting hydroxy acid and amine HNR 9 R 10 are condensed by th above- 
mentioned method known perse. Finally, the protecting group Rp is removed to give a desired compound. 

A different method includes reacting amine A wherein Z is -COOR 9 with excess amine HNR 9 R 10 in a lower alcohol, 
preferably methanol, ethanol or isopropanol, at 25 - 100°C. In this case, a reaction in a closed system using a stainless 
steel autoclave and the like is preferable. The points to note when R 9 and R 10 are substituents having amino and the 
like are as described above. 

Scheme VI shows synthetic method of amine A wherein Z is -CF 2 COOR 9 or -CF 2 CONR 9 R 10 . 



Scheme VI 



(CH2)n-Y 

OH 



A 



(XX) 

(XXII) Z = CF 2 C00CH 2 CH 3 

(XXIII) Z = CFzCONR'R" 

(XXIV) Z = CFjCOOH 



wherein each symbol is as defined above. 
30 For example, compound (XX) synthesized in scheme V is reacted with (1) ethyl bromodifluoroacetate in the pres- 
ence of zinc powder according to the method of Haliinan and Fried (Tetrahedron Lett. 1984, 25, p. 2301) and 
Thairivongs et al. (J. Med. Chem. 1986, 29, p. 2080); or (2) ethyl chlorodrfluoroacetate in the presence of zinc powder 
according to the method of Lang and Schauta (Tetrahedron Lett. 1988, 29, p 2943); or (3) ethyl bromodifluoroacetate, 
zinc powder and titanium tetrachloride according to the method of Hoover (US Patent No. 4,855,303) to give compound 
35 (XXII) wherein Z is -CF2COOCH2CH3. 

This compound (XXII) is reacted with amine HNR 9 R 10 in a protic polar solvent, preferably ethanol or methanol, to 
give compound (XXIII) wherein Z is -CF 2 CONR 9 R 10 . 

Removal of amino-protecting group Rp of compound (XXII) results in amine A wherein Z is -CF2COOCH2CH3. 
Removal of amino-protecting group Rp of compound (XXIII) results in amine A wherein Z is -CF^ONF^R 10 . 
40 Moreover, amine A wherein Z is -CF 2 CONR 9 R 10 or -CF 2 COOR 9 can be synthesized from compound (XXII) 
wherein Z is -CF 2 C00CH 2 CH 3 by the following method. 

That is, the corresponding carboxylic acid obtained by hydrolysis of an ester of compound (XXII) wherein Z is - 
CF 2 COOCH 2 CH 3 or alkali metal salt, namely compound (XXIV) wherein Z is -CF 2 COOH or alkali metal salt thereof, is 
condensed with amine HNR 9 R 10 or alcohol R 9 OH according to the above-mentioned method known perse. The pro- 
46 tecting group Rp of the compound thus produced wherein Z is -CF 2 CONR 9 R 10 or -CF 2 COOR 9 is removed to give 
amine A wherein Z is -CF 2 CONR 9 R 10 or -CF 2 COOR 9 The points to note when R 9 and R 10 are substituents having 
amino and the like are as disclosed above. 

While amine A can be obtained as mentioned above, hydroxy of this amine A is protected by a hydroxy-protecting 
group (R 1 *) to give amine A*. The hydroxy-protecting group is to be introduced when amino is protected by a protecting 
so group Rp, and thereafter, amino-protecting group is removed. 
Scheme VII shows synthetic method of compound B. 
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Scheme VEE 




A (X2C7) (XXVT) 



I 

B 



wherein each symbol is as defined above. 

For example, this compound B is synthesized according to the report of Damewood et al. (J. Med. Chem. 1994, 37, 
p. 3303), wherein amine A is reacted with chloroacetyl chloride in an inert solvent such as tetrahydrofuran in the pres- 
ence of an organic base such as N-methylmorphoIine, at -20°C to 60°C, preferably at 0°C to 30°C, to give compound 
(XXV), whose hydroxy is protected by the above-mentioned protecting group (R 11 ), of which preferred is silyl such as 
tert-butyidimethylsilyl, to give compound (XXVI). This compound is reacted with sodium iodide or potassium iodide in 
an inert solvent such as acetone at -20°C to 60°C, preferably at 0°C to 30°C, to give the desired compound B. 

The compound (I) of the present invention thus produced can be recovered at optional purity by known methods for 
separation and purification, such as concentration, extraction, chromatography, repreciprtation, recrystallization and the 
like. 

The pharmacologically acceptable salts of said compound (I) can be also produced by a known method. Further, 
various isomers of said compound (I) can be produced by a known method. 

The compound (I) and pharmacologically acceptable salts thereof of the present invention have superior inhibitory 
action on chymase groups in mammals such as human, dog, cat and the like. 

The compound (I) and pharmacologically acceptable salts thereof of the present invention are useful as inhibitors 
of chymase groups inclusive of human heart chymase and are useful for the prophylaxis and treatment of various dis- 
eases caused by chymase, namely, for the prophylaxis and treatment of diseases considered to be caused by angi- 
otensin II (e.g., hypertension, hypercardia, myocardial infarction, arteriosclerosis, diabetic and non-diabetic renal 
diseases, vascular restenosis after PTCA). 

When the compound (I) and pharmacologically acceptable salts thereof of the present invention are used as phar- 
maceutical products, pharmacologically acceptable carrier and the like are used to prepare pharmaceutical composi- 
tion in the form of granules, tablets, capsules, injection, ointments, creams, aerosols and the like which can be 
administered orally or parenterally. The above-mentioned pharmaceutical preparation contains an effective amount of 
compound (I) or its pharmacologically acceptable salt. 

The dose of said compound (I) and its pharmacologically acceptable salt varies depending on administration route, 
symptoms of patients, body weight and age, and appropriately determined according to the administration purposes. In 
general, 0.01-1000 mg/kg body weight/day, preferably 0.05-500 mg/kg body weight/day, thereof is administered orally 
to an adutt in a single to several doses per day. 

The present invention is described in more detail by way of Examples, which should not be construed as limiting 
the invention. 

1 H-NMR was determined at 200, 300 or 500 MHz. The chemical shift of 1 H-NMR is expressed in parts per million 
(ppm) of relative delta (6) values using tetramethylsilane (TMS) as an internal standard. The coupling constant is 
expressed by s (singlet), d (doublet), t (triplet), q (quartet), m (muftiplet), dd (doublet of doublets), brs (broad singlet), 
ABq (AB quartet) and the like, while indicating obvious multiplicity by hertz (Hz). Thin layer and column chromatogra- 
phies were performed using a silica gel manufactured by Merck. For concentration, a rotary evaporator manufactured 
by Tokyo Rikakikai Co.. Ltd. was used. 
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Reference Example 1 

Synthesis of 3-amino-1,1,1-trifluoro-4-phenyl-2-butanol. 

s (1) To a mixture of phenylalanine (500 g, 3.03 mol), 2N aqueous sodium hydroxide solution (4 L) and ether (500 
mi.) was added dropwise benzoyl chloride (455 mL, 3.93 mol) und r ice-cooling ever about 55 min. The resulting 
mixture was stirred at room temperature for 1 6 h, cooled with ice and acidified with cone, hydrochloric acid to pH 2. 
The precipitated crystals were extracted with ethyl acetate. The obtained extracts were combined and washed with 
water, dried over anhydrous sodium sulfate and concentrated to ca. 2 L Then hexane was added to the resulting 

10 suspension. The resulting precipitate was collected by filtration to give 815 g (100%) of N-benzoylphenylalanine, 
(2) A suspension of the target compound in step (1 ) (81 5 g, 3.03 mol) in acetic anhydride (3.5 L) was stirred at room 
temperature for 16 h, and then concentrated under reduced pressure. To the resulting oil was added petroleum 
ether (3.5 L), and insolubles were removed by decantation. After cooling the supernatant, precipitates were col- 
lected by filtration to give 570 g (75%) of 2-phenyl-4-(phenylmethy1)-5(4H)-oxazolone as colorless needles. 

rs (3) A mixture of the target compound in step (2) (259 g, 1 .03 mol) and trrf luoroacetic anhydride (260 g, 1 .24 mol) 
was stirred at room temperature for 72 h. Excess trif luoroacetic anhydride and acetic acid formed were removed 
under reduced pressure, and then oxalic anhydride (139.1 g, 1.55 mol) was added to the residue. The resulting 
mixture was heated to 1 10°C with stirring, and then, after gas evolving ceased, cooled to room temperature. Ethyl 
acetate (10 L) was added and the mixture was washed with water (2 L). The aqueous layer was further extracted 

20 with ethyl acetate and combined with the organic layers obtained earlier. The resulting mixture was dried over anhy- 
drous magnesium sulfate and the solvent was concentrated to ca. 1 L Hexane was added to the resulting suspen- 
sion, and the precipitated solid was collected by filtration to give 215 g (65%) of N-[3,3,3-trifluoro-2-oxo-1- 
(pheny1methy1)propyl]benzarnide. 

(4) To a suspension of the target compound in step (3) (215 g, 673 mmol) in ethanol (1 L) was added sodium boro- 
25 hydride (25.4 g, 673 mmol) under ice-cooling. The resulting mixture was stirred for 4 h, cooled with ice, adjusted 

with 6N hydrochloric acid to pH 3, and then extracted with ethyl acetate. The extracts were combined and washed 
with saturated aqueous sodium hydrogencarbonate solution and brine, and dried over anhydrous sodium sulfate. 
The solvent was concentrated to ca. 300 mL and hexane was added to the resulting suspension. The precipitated 
solid was collected by filtration to give 130 g (60%) of N-t3,3,3-trifluorc-2-hydroxy-1-(phenytmetriyl)prc9yl]benza- 
30 mide. 

(5) A mixture of the target compound in step (4) (130 g, 202 mmol), 12N hydrochloric acid (1.3 L), water (700 mL) 
and ethanol (900 mL) was ref luxed under heating for 24 h. Thereto were added 12N hydrochloric acid (400 mL) and 
ethanol (800 mL) and the resulting mixture was further ref luxed under heating for 72 h, concentrated to 1.2 L and 
cooled to room temperature. The precipitated crystals were extracted with ether. Sodium hydroxide was added to 

35 the aqueous layer under ice-cooling until its pH became 12, and the precipitated crystals were extracted with ethyl 
acetate. The ethyl acetate layer was dried over anhydrous sodium sulfate and the solvent was evapoarated. The 
residue was recrystaliized from ethyl acetate-hexane (1 :5) to give 58.7 g (66%) of the title compound as colorless 
crystals, mp 110-111°C 

40 1 H-NMR (200MHz, CDCI 3 ) 6 7.39-7.18 (m, 5H). 4.08-3.93 (m, 1H), 3.32-3.23 (m, 1H), 3.09 (dd, J=3.1, 13.7 

Hz, 1H), 2.59 (dd, J=10.9, 13.7 Hz, 1H), 2.30 (brs, 2H) 
IR (KBr) 3320, 3300, 3050, 2920, 2860, 2700, 1615 cm' 1 

Reference Example 2 

46 

Synthesis of (5-benzyloxycaroonylamino-6-oxo-2-phenyl-1,6-dihydro-1-pyrimidinyl)acetic acid. 

(1) A solution of benzonitrile (60.0 g, 0.582 mol) in ethanol (500 mL) was saturated by blowing in hydrogen chloride 
under ice-cooling. The resulting solution was stirred at room temperature for 18 h and the solvent was evaporated 

so under reduced pressure. The obtained crystals were washed with ether and dried in vacuo to give 73.6 g (68%) of 
ethyl benzimidate hydrochloride as colorless crystals. 

(2) To a solution of the target compound in step (1) (72.0 g, 0.388 mol) in ethanol (300 mL) was added aminoacetal- 
dehyde diethyl acetal (68 mL, 0.47 mol) under ice-cooling. The resulting mixture was stirred at 4°C for 18 h. After 
evaporation of ethanol under reduced pressure, the condensate obtained was poured into 1N aqueous sodium 

55 hydroxide solution (800 mL) and extracted with chloroform. The extract was dried over anhydrous magnesium sul- 
fate. Evaporation of the solvent under reduced pressure gave 141.2 g of a colorless oil containing N-(2,2-diethox- 
yethyQbenzamidine. 

(3) T a solution of the target compound in step (2) (a half of the crude product obtained in the abov reaction, 70.6 
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g) in ethanol (100 mL) was added dropwise diethyl ethoxymethylenemalonate (58 mL, 0.29 mol). The reaction mix- 
ture was heated to 100°C and stirred for 2 h. Then the solvent was evaporated under reduced pressure, and the 
obtained concentrate was poured into saturated aqueous ammonium chloride solution (600 mL) and extracted with 
ethyl acetate. Th extract was washed with water and dried over anhydrous magnesium sulfate. Concentration fol- 
5 lowed by separation and purification by silica gel column chromatography (50:50 hexane-ethyl acetate) gave 58.2 
g of ethyl 1-(2,2^iethoxyethyO-2i)henylpyrinriidin-6(1H)-one-5-carbQxylate as a pale yellow oil. 

(4) To a solution of the target compound in step (3) (57.7 g, 0.160 mmol) in tetrahydrofuran (THF) (500 mL) was 
added 0.5N aqueous sodium hydroxide solution (360 mL). The resulting mixture was stirred at room temperature 
for 1 h, and then washed with chloroform. After addition of 1 N hydrochloric acid (200 mL) to the aqueous layer, the 

10 resulting mixture was extracted with chloroform, and the extract was dried over anhydrous magnesium sulfate. 
Evaporation of the solvent under reduced pressure gave 36.9 g of a yellow oil containing 1-(2,2-diethoxyethyl)-2- 
phenylpyrimidin-6(1H)-one-5-carboxylic acid. 

(5) A solution of diphenylphosphoryl azide (27.5 mL, 0.123 mol) in 1 ,4-dioxane (100 mL) was heated to 1 10°C and 
a solution of the target compound in step (4) crude product obtained in the above reaction, 36.9 g) and triethyl- 

is amine (34.0 mL, 0.244 mol) in 1 ,4-dioxane (300 mL) was added dropwise thereto over 1 .5 h. The resulting mixture 
was refluxed under heating for 1 h, and benzyl alcohol (25 mL, 0.24 mol) was added. The mixture was further 
refluxed under heating for 14 h, cooled to room temperature, and then concentrated under reduced pressure. The 
obtained oil was poured into saturated aqueous ammonium chloride solution (500 mL) and extracted with ethyl ace- 
tate. The extract was washed with 1 N aqueous sodium hydroxide solution (600 mL) and brine, and dried over anhy- 

20 drous magnesium sulfate. Concentration followed by separation and purification by silica gel column 
chromatography (hexane-ethyl acetate, 50:50) gave 24.7 g of a mixture of (5-benzylaxycarbonylamino-6-oxo-2- 
phenyl-1 ,6-dihydro-1-pyrimidinyl)acetaldehyde diethyl acetal and benzyl alcohol as a pale-brown oil. 

(6) A mixture of a solution of the target compound in step (5) (mixture with benzyl alcohol, 24.3 g, 47.1 mmol) in 
THF (210 mL) and 1N hydrochloric acid (150 mL) was heated to 60°C and stirred for 18 h. After removal of THF 

25 under reduced pressure, the concentrate was neutralized with saturated aqueous sodium hydrogencarbonate solu- 
tion (pH 7) and then extracted with ethyl acetate. The extract was dried over anhydrous magnesium sulfate, and the 
solvent was evaporated under reduced pressure to give 22.4 g a pale-brown oil containing (5-benzyloxycarbo- 
nyiamino-6-oxo-2-phenyl-1 ,6-dihydro-1 -pyrimidinyl)acetaldehyde. 

(7) To a mixture of the target compound in step (6) (crude product obtained in the above reaction, 22.4 g), 2-methyl- 
30 2-propanol (300 mL) and 2-methyl-2-butene (50 mL, 0.47 mol) was added a solution of sodium dihydrogenphos- 

phate dihydrate (51.4 g, 0.329 mol) and sodium chlorite (85%, 36.6 g, 0.344 mol) in water (130 mL). The resulting 
mixture was stirred at room temperature for 3 h. The organic solvents were removed under reduced pressure and 
the residue was adjusted with 3N hydrochloric acid to pH 3, followed by extraction with chloroform. The extract was 
dried over anhydrous magnesium sulfate and the solvent was evaporated under reduced pressure to give crystals. 
35 The crystals were washed with hexane-ether (1:1) and dried in vacuo to afford 1 6.0 g of the title compound as color- 
less crystals, mp 179-183°C 

1 H-NMR (200MHz, DMSO-d 6 ) 6 13.1 (brs, 1H), 8.99 (s, 1H), 8.47 (s, 1H), 7.2-7.6 (m, 10H), 5.19 (s, 2H) f 4.51 
(s, 2H) 

40 IR (KBr) 3600-2200, 1720, 1655, 1605. 1510 cm " 1 

Reference Example 3 

Synthesis of [5-benzyloxycaroonylarnino-2-(4-fluorophen^ acid. 

45 

(1) Ethyl 4-fluorobenzimidate hydrochloride was synthesized in the same manner as in Reference Example 2. That 
is, 4-fluorobenzonitri!e (50.8 g, 0.407 mol) was treated with hydrogen chloride in ethanol (500 mL) to give 82.1 g 
(99%) of the target compound as colorless crystals. 

(2) N-(2,2-Diethoxyethyl)-4-fiuorobenzamidine was synthesized in the same manner as in Reference Example 2. 
so That is, the target compound in step (1) (50.0 g, 0.246 mol) was reacted with aminoacetaldehyde diethyl acetal (43 

mL, 0.30 mol) in ethanol (200 mL) to give a colorless, transparent oil containing the target compound. 

(3) Ethyl 1-(2,2^iethcocyethyl)-2-(4-fluorophenyl)pyrimidin-6(1H)-one-5-carboxylate was synthesized in the same 
manner as in Reference Example 2. That is, the target compound in step (2) (crude product obtained in the above 
reaction) was reacted with diethyl ethoxymethylenemalonate (55 mL, 0.27 mol) in ethanol (100 mL) to give 70.2 g 

55 of the target compound as a pale-yellow oil . 

(4) To a solution of the target compound in step (3) (55.0 g, 0.145 mol) in pyridine (200 mL) was added lithium 
iodide (49.0 g, 0.366 mol). The resulting mixture was heated to 100°C and stirred for 16 h. The organic sotv nts 
were removed under reduced pressure. To the residue was added toluene (200 mL), and the trace amount of the 
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remaining pyricfin was removed under reduced pressure. After addition of saturated aqueous sodium hydrogen- 
carbonate solution to the residue, the mixtur was extracted with ethyl acetate to extract organic matters other than 
carboxylic acid. After collection of insolubles by filtration, the aqueous layer was adjusted with 3N hydrochloric acid 
(400 ml_) to pH 2, followed by extraction with ethyl acetate. Th extract was washed with saturated brine and dried 
5 over anhydrous magnesium sulfate. Evaporation of the solvent under reduced pressure gave 14.5 g of 1-(2,2- 
dietl^xye%0-2-(44luoropheny1)pyrin^din^(1H)^ne-5-carboxylic acid as a pale-yellow oil. Th insolubles 
obtained above were added to 2N hydrochloric acid (500 mL), and the mixture was extracted with ethyl acetate. 
The extract was washed with saturated brine and dried over anhydrous magnesium sulfate. Evaporation of the sol- 
vent under reduced pressure further afforded 29.7 g (total yield 87%) of the target compound as a pale-yellow oil. 

10 (5) [5-Benzyloxycarbonylamino-2-(4-f luorophenyl)-6-oxo-1 ,6-dihydro-1 i3yrimidinyl]acetaldehyde diethyl acetal was 
synthesized in the same manner as in Reference Example 2. That is, the target compound in step (4) (43.6 g, 0.124 
mol) was reacted with diphenylphosphoryl azide (31 mL, 0.14 mol) in 1,4-dioxane (400 mL) in the presence of tri- 
ethylamine (35 mL, 0.25 mol), and then with benzyl alcohol (26 mL, 0.25 mol), to give 45.2 g (65%) of a mixture of 
the target compound and benzyl alcohol as a pale-brown oil. 

is (6) [5-Bei^oxycarbonylamino-2-(4*fluorophen^ was synthesized 

in the same manner as in Reference Example 2. That is, the target compound in step (5) (mixture with benzyl alco- 
hol, 44.6 g, 79.1 mmol) was treated with 1 N hydrochloric add (250 mL) in THF (350 mL) to give 20.7 g (55%) of a 
mixture of the target compound and benzyl alcohol as a colorless solid. 

(7) [5-Benzy1cxy(^onylamino-2-(4-fIuoropher^ acid was synthesized in 

20 the same manner as in Reference Example 2. That is, the target compound in step (6) (mixture with benzyl alcohol, 
20.2 g, 42.3 mmol) was treated with sodium chlorite (85%, 36.6 g, 0.344 mol) in the presence of 2-methyl-2-butene 
(50 mL, 0.47 mol) and sodium dihydrogenphosphate dihydrate (51 .4 g, 0.329 mol), in a mixed solvent of 2-methyl- 
2-propanol (300 mL) and water (1 30 mL) to give 1 5.5 g (86%) of a mixture of the title compound and benzyl alcohol 
as a colorless solid. 
25 r 

1 H-NMR (500MHZ, DMSO-d 6 ) 6 13.3 (brs. 1HK&99 (s, 1H), 8.46 (s, 1H), 7.56 (dd. J = 8.9. 5.4 Hz. 2H), 7.44 

(d. J = 7.2 Hz, 2H), 7.30-7.42 (m, 5H). 5.19 (s, 2H), 4.53 (s, 2H) 

IR (KBr) 3650-2300, 1720, 1660, 1600 cm * 1 

30 Reference Example 4 

Synthesis of [5-benzyloxycartoiiylamino-6^xo-2-(p-tol^ acid. 

(1) Ethyl 4-methyIbenzimidate hydrochloride was synthesized in the same manner as in Reference Example 2. 
35 That is, p-tolunitrile (25.6 g, 0.21 9 mol) was treated with hydrogen chloride in ethanoi (250 mL) to give 42.3 g (97%) 

of the target compound as colorless crystals. 

(2) N-(2,2-Diethoxyethyf)-4-methyIbenzamidine was synthesized in the same manner as in Reference Example 2. 
That is, the target compound in step (1) (25.0 g, 0.125 mol) was reacted with aminoacetaldehyde diethyl acetal (21 
mL, 0.14 mol) in ethanoi (100 mL) to give 40.0 g of a colorless, transparent oil containing the target compound, 

40 (3) Ethyl 1-(2,2-diethoxyethyQ-2-^tolyl)pyrimidn-6(1H)-one-5-cajbaxylate was synthesized in the same manner 
as in Reference Example 2. That is, the target compound in step (2) (crude product obtained in the above reaction) 
was treated with diethyl ethoxymethylenemalonate (28 mL, 0.14 mol) in ethanoi (50 mL) to give 36.1 g of the target 
compound as a pale-yellow oil. 

(4) 1-(2,2-Diethoxyethyl)-2-(p-tolyl)pyrimidin-6(1H)-one-5-<»rbQxyIic acid was synthesized in the same manner as 
45 in Reference Example 3. That is, the target compound in step (3) (35.0 g, 93.5 mmol) was reacted with lithium 

iodide (30.0 g, 244 mmol) in pyridine (140 mL) to give 24.0 g (74%) of the target compound as pale-brown crystals. 

(5) [5-Berizyloxyc8jlDonylamino-6-oxo-2-(p-tolyO^ acetal was synthe- 
sized in the same manner as in Reference Example 2. That is, the target compound in step (4) (23.0 g, 66.4 mmol) 
was reacted with diphenylphosphoryl azide (16.5 mL, 73.6 mmol) in the presence of triethyfamine (18.5 mL, 133 

so mmol) in 1 ,4-dioxane (200 mL), and then with benzyl alcohol (1 0 mL, 97 mmd) to give 29.8 g (86%) of a mixture of 
the target compound and benzyl alcohol as a colorless solid. 

(6) [5-Benzyloxycaibonyiamino-6-oxo-2-(p-toiyl)^^ was synthesized in the 
same manner as in Reference Example 2. That is, the target compound in step (5) (mixture with benzyl alcohol, 
29. 1 g, 55.9 mmol) was treated with 1 N hydrochloric acid (1 50 mL) in THF (200 mL) to give 25.3 g of a mixture con- 

55 taining the target compound as a colorless solid. 

(7) [5-Benzyloxycarbonylamino-6-oxo-2-(p-tolyl)-1 ,6-dihydro-1 -pyrimidinyljacetic acid was synthesized in the same 
manner as in Reference Example 2. That is, the target compound in step (6) (crude product obtained in the above 
reaction, 25.3 g) was treated with sodium chlprite (85%, 43.4 g, 0.408 mol) in the presence of 2-methy!-2-butene 
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(60 ml_, 0.57 mol) and sodium dihydrogenphosphate dihydrate (61 .0 g, 0.391 mol) in a mixed solvent of 2-methyl- 
2-propanol (350 mL) and water (1 50 mL) to give 1 7.5 g of the title compound as colorless crystals. 

mp 251 -254°C 

1 H-NMR (500MHZ, DMSO-d 6 ) 6 13.27 (brs, 1H), 8.95 (s. 1H), 8.45 (s. 1H), 7.44 (d, J = 7.4 Hz, 2H), 7.37-7.42 
(m, 4H), 7.31-7.35 (m. 3H), 5.19 (s,2H), 4.52 (s. 2H) ( 2.38 (s, 3H) 
IR (KBr) 3600-2300, 1735, 1715, 1660, 1605, 1525 cm 1 

Reference Example 5 

Synthesis of [5-benzyloxycaroonylarnino-6-oxo-2-(r^^ acid. 

(1) Ethyl 3-methylbenzimidate hydrochloride was synthesized in the same manner as in Reference Example 2. 
That is, m-tolunitrile (25.2 g, 0.21 5 mol) was treated with hydrogen chloride in ethanol (250 mL) to give 41 .7 g (97%) 
of the target compound as colorless crystals. 

(2) N-(2,2-Diethoxyethyl)-3-methy1benzamidine was synthesized in the same manner as in Reference Example 2. 
That is, the target compound in step (1) (25.0 g, 0.125 mol) was reacted with aminoacetaldehyde diethyl acetal (21 
mL, 0.14 mol) in ethanol (100 mL) to give 40.1 g of a colorless, transparent oil containing the target compound. 

(3) Ethyl l-(2,2^iemoxyethy0-2-(m-toly0^ was synthesized in the same manner 
as in Reference Example 2. That is, the target compound in step (2) (crude product obtained in the above reaction) 
was reacted with diethyl ethoxymethylenemalonate (28 mL, 0. 1 4 mol) in ethanol (50 mL) to give 35.8 g of the target 
compound as a pale-yellow oil. 

(4) 1-(2,2-Diethoxyethyi)-2-(m-tolyl)pyrirnidin^(1H)<>ne-5-c^rboxylic acid was synthesized in the same manner as 
in Reference Example 3. That is, the target compound in step (3) (34.8 g, 92.9 mmol) was reacted with lithium 
iodide (30.0 g, 244 mmol) in pyridine (140 mL) to give 22.7 g (71 %) of the target compound as brown crystals. 

(5) [5-Benzyloxycart>onylamino-6-oxo-2-(m-to^ diethyl acetal was syn- 
thesized in the same manner as in Reference Example 2. That is, the target compound in step (4) (22.0 g, 63.5 
mmol) was reacted with diphenylphqsphoryl azide (16 mL, 71 mmol) in 1,4-dioxane (200 mL) in the presence of 
triethylamine (18 mL, 0.13 mol), and then with benzyl alcohol (10 mL, 97 mmol) to give 30.1 g (86%) of a mixture 
of the target compound and benzyl alcohol as a pale-yellow oil. 

(6) [5^Benzyloxycarbonylamino-6-axo-2-(m-tdylH^ was synthesized in the 
same manner as in Reference Example 2. That is, the target compound in step (5) (mixture with benzyl alcohol, 
29.4 g, 53.6 mmol) was treated with 1 N hydrochloric acid (150 mL) in THF (200 mL) to give 26.1 g of a mixture con- 
taining the target compound as a colorless solid. 

(7) [5-Benzyloxycai1x>nylamino-6-oxo-2-^ acid was synthesized in the 
same manner as in Reference Example 2. That is, the target compound in step (6) (crude product obtained in the 
above reaction, 26.1 g) was treated with sodium chlorite (85%, 41.6 g, 0.391 mol) in the presence of 2-methyl-2- 
butene (60 mL, 0.57 mol) and sodium dihydrogenphosphate dihydrate (58.5 g, 0.375 mol) in a mixed solvent of 2- 
methyl-2-propanol (350 mL) and water (150 mL) to give 18.9 g of the title compound as colorless crystals, mp 183- 
185°C 

1 H-NMR (500MHz, DMSO-de ) 6 13.27 (brs, 1H), 8.97 (s, 1H), 8.46 (s, 1H), 7.44 (d, J = 7.3 Hz, 2H), 7.32-7.42 
(m, 5H), 7.31 (s, 1H), 7.27 (d. J = 7.4 Hz, 1H). 5.19 (s, 2H), 4.51 (s. 2H). 2.35 (s, 3H) 
IR (KBr) 3600-2300, 1720, 1655, 1600, 1515 cm ' 1 

Reference Example 6 

Synthesis of N-[4(S)-amino-2,2-difluoro-3(R)-hydroxy-5-phenylpentanoyl]benzylamine. 

(1) To a mixture of N-tert-butoxycarbonylphenylalanine (13.3 g, 50.0 mmol), potassium hydrogencarbonate (10.0 g, 
100 mmol) and dimethytformamide (80 mL) was added methyl iodide (5 mL, 80 mmol). The resulting mixture was 
stirred at room temperature for 5 h, and water (200 mL) was added. The mixture was extracted with ethyl acetate- 
benzene (1:1), and the organic layer was washed successively with water, 5% aqueous sodium sulfite solution and 
saturated brine, and dried over anhydrous sodium sulfate. The solvent was evaporated and the obtained residue 
was separated and purified by silica gel column chromatography (hexane-ethyl acetate, 90:1 0) to give 1 3.6 g (96%) 
of N-tert-butoxycarbonylphenylalanine methyl ester as a colorless oil. 

(2) To a solution of the target compound in step (1) (1 0.8 g, 38.9 mmol) in THF (50 mL) were added anhydrous lith- 
ium chloride (3.29 g, 77.3 mmol) and sodium borohydride (2.92 g, 77.3 mmol) under an argon stream. The resulting 
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mixtur was stirred at room temperature for 1 6 h, cooled with ice and adjusted with 1 0% aqueous citric acid solution 
to pH 4. THF was removed under reduced pressure. To the residue was added water (100 mL), and the mixture 
was extracted with dichloromethana The extract was dried over anhydrous sodium sulfate. The solvent was evap- 
orated and the obtained residue was recrystallized from ethyl acetate-hexane (1 :7) to give 9.49 g (97%) of N-tert- 

5 butoxycarbonylphenylalaninol as colorless crystals. 

(3) To a solution of the target compound in step (2) (7.16 g, 28.5 mmol) in dichloromethane (85 mL) were added 
successively triethylamine (15.8 mL, 1 13.9 mmol) and a solution of sulfur trioxide-pyridine complex (18.1 g, 1 13.9 
mmol) in dimethylsutfoxide (85 mL). The resulting mixture was stirred at room temperature for 15 min, poured into 
a mixture of ice and saturated brine (300 mL), and then extracted with cold ether. The organic layer was washed 

10 successively with cold 1 0% aqueous citric acid solution and cold saturated brine, and dried over anhydrous sodium 
sulfate. The solvent was evaporated and hexane was added to the obtained residue to suspend same. Insolubles 
were collected by filtration to give 6.41 g (90%) of N-tert-butoxycarbonylphenylalaninal. To a suspension of zinc 
powder (5.59 g, 85.5 mmol) in THF (1 mL) was added drop wise a solution of the above-mentioned N-tert-butoxy- 
carbonyiphenylalaninal (6.41 g. 25.7 mmol) and ethyl bromodifluoroacetate (11.1 mL 85.5 mmol) in THF (16 mL) 

15 with ultrasonication. After 3 hr of ultrasonication, dichloromethane (200 mL) and 1 N aqueous potassium hydrogen- 
suffate solution (100 mL) were added. The organic layer was separated and dried over anhydrous sodium sulfate. 
The solvent was evaporated and the obtained residue was separated and purified by silica gel column chromatog- 
raphy (hexane-ethyl acetate, 7555) to give 2.60 g (27%) of ethyl 4(S)-[(tert-butoxycarbonyl)amino]-2,2-difluoro- 
3(R)-hydroxy-5-phenylpentanoate as colorless crystals. 

20 (4) To a solution of the target compound in step (3) (2.00 g, 5.36 mmol) in THF (12 mL) was added 1 N aqueous 
sodium hydroxide solution (5.54 mL, 5.54 mmol). The resulting mixture was stirred at room temperature for 2 h. 
THF was removed and water (20 mL) was added to the residue. The resulting suspension was lyophilized to give 
sodium 4(S)-[(tert-butoxycarbonyQamino]-2,2-dHlu^ To a solution of the com- 

pound obtained, hydroxybenzotriazole (HOB7) (1.67 g, 12.3 mmol) and benzylamine (1.15 g, 10.7 mmol) in dichlo- 

25 romethane (30 mL) was added WSCI hydrochloride (1.54 g, 8.04 mmol) under ice-cooling. The resulting mixture 
was stirred overnight at room temperature. The solvent was evaporated and saturated aqueous sodium hydrogen- 
carbonate solution (50 mL) was added. The mixture was extracted with ethyl acetate, and the organic layers were 
combined, washed successively with 10% aqueous citric acid solution, saturated aqueous sodium hydrogencar- 
bonate solution and saturated brine, and dried over anhydrous sodium sulfate. The solvent was evaporated and the 

30 obtained residue was recrystallized from ethyl acetate-hexane (1 :10) to give 1 .94 g (84%) of N-[4(S)-[(tert-butoxy- 
carbonyl)amino]-2,2-difluoro-3(R)-hydroxy-5-pheny^entanoyl]benzylamine as colorless crystals. 
(5) The target compound in step (4) (1 .60 g, 3.68 mmol) was dissolved in a solution (4N, 16 mL) of hydrogen chlo- 
ride in 1 ,4-dioxane, and the resulting solution was stirred at room temperature for 1 h. After evaporation of the sol- 
vent, ether (5 mL) was added to the residue and then removed. This operation was repeated three times, and to 

35 the residue obtained was added saturated aqueous sodium hydrogencarbonate solution (50 mL) under ice-cooling. 
The mixture was extracted with ethyl acetate, and the organic layer was dried over anhydrous sodium sulfate. The 
solvent was evaporated and the obtained residue was recrystallized from ethyl acetate-hexane (1 :8) to give 1 .15 g 
(94%) of the title compound as colorless crystals. 

40 mp 128-130°C 

1 H-NMR (200MHz, CDQ 3 ) 6 7.40-7.19 (m, 10H), 6.78 (brs, 1H), 4.52 (d, J=5.8 Hz, 2H), 3.86 (dd t J=7.8, 16.5 
Hz, 1H), 3.69 (dd, J=»5.3, 9.7 Hz, 1H), 2.92 (dd, J=5.3, 13.7 Hz, 1H), 2.66 (dd, J=9/7, 13.7 Hz, 1H), 2.13 (brs, 
3H) 

IR (KBr) 3400, 3320, 3020, 1665, 1615, 1540 cm" 1 

45 

Reference Example 7 

Synthesis of 2-(34jenzyloxycarbonylamino-5-benzyl-2K)xo-1,2Kjihydro-1i3yridyi)acetic acid. 

so (1) To a mixture of 3-aminopyrid-2-one (24.6 g, 0.223 mol), sodium carbonate (52.1 g, 0.492 mol), THF (250 mL) 
and 1 ,4-dioxane (50 mL) was added dropwise benzyiaxycarbonyl chloride (35.1 mL, 0.246 mol). The resulting mix- 
ture was stirred at room temperature for 1 5 h. Ethyl acetate (1 200 mL) was added and the mixture was washed with 
water, saturated aqueous sodium hydrogencarbonate solution and saturated brine. After filtering off insolubles, the 
filtrate was dried over anhydrous magnesium sulfate. The residue obtained by concentration of the extract solution 

55 was recrystallized from methanol-ethyl acetate (6:1) to give 21.5 g of 3-benzyloxycarbony1aminopyrid-2-one as 
colorless crystals. The insolubles obtained were dissolved in chloroform-methanol (10:1), and then washed with 
saturated brine. The aqueous layer was further extracted with chloroform, and combined with the organic layer 
obtained earli r. The combined extracts w re dried over anhydrous magnesium sulfate. Evaporation of the solvent 
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further afforded 16.7 g (total yield 70%) of the same product as a colorless solid. 

(2) To a suspension of the target compound in step (1) (15.6 g. 63.9 mmol) in dichloromethane (300 mi_) was added 
N-iodosuccinimide (15.3 g, 64.4 mmol). The resulting mixtur was stirred at room temperature for 17 h, and under 
ice-cooling for further 2.5 h. Th precipitated solid was collected by fOtration to give 12.9 g (55%) of 3-benzyloxy- 

s carbonyl-5-iodopyrid-2-one as a colorless solid. 

(3) To a suspension of zinc powder (781 mg, 1 1 .9 mmol) in THF (10 mL) was added dropwise a solution of benzyl 
bromide (0.95 mL, 8.0 mmol) in THF (20 mL) at 18-19°C over 3 min. The resulting mixture was ultrasonicated at 
25-35°C for 1 .5 h with occasional stirring, and then further stirred at room temperature for 1 .5 h. After addition of 
[l.r-bisCdiphenyiphosphinoJferrocenelpalladiumlll) chloride (172 mg, 0.211 mmol), a solution of the target com- 

10 pound in step (2) (737 mg, 1 .99 mmol) in THF (25 ml) was added over 6 min, the mixture was stirred at 27°C for 25 
min, at 51:56°C for 2 h, and at room temperature for 14 h. The reaction mixture was poured into 1 N hydrochloric 
acid (150 mL), and then extracted with ethyl acetate. The extract was washed with saturated brine and dried over 
anhydrous magnesium sulfate. The residue obtained by concentration of the extract was separated and purified by 
silica gel column chromatography (dichloromethane-ethyl acetate, 4:1) to give 542 mg (81 %) of 5-benzyl-3-benzy- 

is loxycarbonyiaminopyrid-2-one as a brown solid. 

(4) To a suspension of sodium hydride (60% in oil, 77.9 mg, 1 .95 mmol) in N.N-dimethyrfbrmamide (DMF) (2.5 mL) 
was added dropwise a solution of the target compound in step (3) (51 2 mg, 1 .53 mmol) in DMF (5 mL) at 21 -25°C 
over 6 min. The resulting mixture was stirred at the same temperature for 40 min, and ethyl iodoacetate (0.19 mL, 
1.6 mmol) was added dropwise at 12°C over 1 min. The resulting mixture was stirred at 25-26°C for 16 h, poured 

20 into 1 N hydrochloric acid (30 mL), and then extracted with ethyl acetate. The extract was washed with saturated 
brine and dried over anhydrous magnesium sulfate. The residue obtained by concentration of the extract was sep- 
arated and purified by silica gel column chromatography (dichloromethane-ethyl acetate, 95:5) to give 460 mg 
(72%) of ethyl 2-(3-benzyloxycart»nylaminQ-5-benzyl-2^ as a colorless solid. 

(5) To a suspension of the target compound in step (4) (438 mg, 1 .04 mmol) in methanol (20 mL) was added 2N 
25 aqueous sodium hydroxide solution (2.6 mL). The resulting mixture was stirred at room temperature for 5 min. 1 ,4- 

Dioxane (6 mL) was added and the mixture was stirred at room temperature for 2.5 h. The reaction mixture was 
cooled with ice, acidified with 1 N hydrochloric acid (20 mL), and then extracted with chloroform. The extract was 
washed with saturated brine and dried over anhydrous magnesium sulfate. Evaporation of the solvent afforded 401 
mg (98%) of the title compound as a colorless solid. 

30 

1 H-NMR (200MHz, DMSO-de ) 6 8.38 (s, 1H), 7.74 (d, J = 1.9 Hz, 1H), 7.45-7.10 (m, 11H), 5.13 (s. 2H), 4.64 
(s, 2H), 3.70 (s, 2H) 

IR (KBr) 3350, 3000, 2875, 1715, 1650, 1575, 1520 cm' 1 
35 Reference Example 8 

Synthesis of N-[1 -benzyi-2-(tert-butyldimethylsilyl)o^ 

(1) To a solution of 3-amino-1 ,1 ,1-trifluoro-4-phenyl-2-butanol (title compound in Reference Example 1 : 15.0 g, 68.4 
40 mmol) and triethylamine (10.0 mL, 71 .7 mmol) in THF (340 mL) was added a solution of chloroacetyl chloride (5.5 

mL, 69 mmol) in THF (30 mL). The resulting mixture was stirred at room temperature for 20 h under a nitrogen 
atmosphere, diluted with ethyl acetate (400 mL), and further stirred at room temperature for 1 h. tnsolubles were 
then removed by filtration and washed with ethyl acetate. The filtrate was poured into 1 N hydrochloric acid (800 
mL), and then extracted with ethyl acetate. The extract was washed with water, saturated aqueous sodium hydro- 
45 gencarbonate solution and saturated brine, and dried over anhydrous magnesium sulfate. The extract was concen- 
trated to give 20.5 g of N-(1-benzyl-3,3,3-trrfluoro-2-hydroxypropyl)-2-chloroacetamide as a colorless solid. 

(2) To a mixture of the target compound in step (1) (crude product obtained in the above reaction, 20.5 g), 2,6-luti- 
dine (16.0 mL, 137 mmol) and dichloromethane (150 mL) was added tert-butyldimethylsilyl triflate (23.0 mL, 100 
mmol). The resulting mixture was stirred at room temperature for 16 h, poured into 1 N hydrochloric acid (600 mL), 

so and then extracted with ethyl acetate. The extract was washed with saturated aqueous sodium hydrogencarbonate 
solution and saturated brine, and dried over anhydrous magnesium sulfate. The residue was concentrated under 
reduced pressure and separated and purified by silica gel column chromatography (hexane-ethyl acetate, 89:1 1) 
to give 25.2 g of N-[1 4Denzyl-2-{tert4xity!dimet^ as a colorless 

solid. 

55 (3) A solution of the target compound in step (2) (24.3 g, 59.3 mmol) and sodium iodide (26.6 g, 177 mmol) in ace- 
tone (180 mL) was stirred at ro m temperature for 18 h. After removal of acetone under reduced pressure, th con- 
centrate was dissolved in ethyl acetate, poured into water (500 mL), and extracted with thyl acetate. The extract 
was washed with saturated brin and dried over anhydrous magnesium sulfate. The residue was concentrated 
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under reduced pressur and separated and purified by silica gel column chromatography (hexane-ethyl acetate, 
83:1 7) to give 29.2 g (98%) of the title compound as a colorless solid. 

1 H-NMR (500MHz, DMSO-de ) 8 8.29 (d, J = 7.8 Hz ( 1H), 7.28 (t, J = 7.6 Hz, 2H), 7.1 7-7.23 (m, 3H), 4.27 (dq, 
5 J - 7.2, 4.0 Hz, 1H) ( 4.11 (m, 1H), 3.57 (m, 2H), 2.97 (dd, J = 14.5, 2.2 Hz, 1H), 2.68 (dd, J = 14.5, 11.5 Hz, 

1H), 0.93 (s, 9H), 0.19 (s, 3H), 0.11 (s. 3H) 
IR (KBr) 3280, 2920, 2890, 1650, 1550 cnV 1 

Reference Example 9 

10 

Synthesis of 3-benzy1oxycariDonylamino-6-phenylpyrid-2-one. 

(1) A solution of acetophenone (26.3 mL, 0.225 mol) and N,N-dimethylf6rmamide dimethyl acetal (100 mL, 0.753 
mol) in acetonrtrile (450 mL) was refluxed under heating for 14 h. After cooling, the reaction mixture was concen- 

15 trated to give a yellow semi-solid. To a solution of the yellow semi-solid obtained in DMF (350 mL) were added 
cyanoacetamide (17.1 g, 0.204 mol) and sodium methoxide (23.9 g, 0.442 mol). The resulting mixture was stirred 
at 100-1 1 0°C for 5 h and then cooled with ice-water. Water (1 100 mL) was added and then 1 0% hydrochloric acid 
was added to adjust the mixture to pH 5. The precipitated solid was collected by filtration with suction and dried by 
placing same in an air stream overnight to give 1 1 .2 g (25%) of 6-phenylpyrid-2-one-3-carbonttrile as a yellow solid. 

20 (2) A mixture of the target compound in step (1) (11.1 g, 56.6 mmol), 47% hydrobromic acid (37 mL) and acetic acid 
(80 mL) was refluxed under heating for 12 h, cooled to room temperature and diluted with water (37 mL). Then the 
pH was adjusted to 5 with 10% aqueous sodium hydroxide solution. The precipitated solid was collected by filtration 
with suction and washed with 10% hydrochloric acid and water. Saturated aqueous sodium hydrogencarbonate 
solution (400 mL) and 1 N aqueous sodium hydroxide solution (300 mL) were added and the resulting mixture was 

25 washed with chloroform. The aqueous layer was adjusted with cone, hydrochloric acid to pH 3-4 under ice-cooling, 
and then precipitated solid was collected by filtration. The solid was washed with water, and dried at 40 °C for 14 h 
under reduced pressure to give 6.91 g (57%) of 6-phenylpyrid-2-one-3-cari30xylic acid as a colorless solid. 
(3) 3-Benzyloxycarbonylamino-6-phenylpyrid-2-one was synthesized in the same manner as in Reference Exam- 
ple 2. That is. the target compound in step (2) (6.78 g, 31 .5 mmol) was treated with diphenylphosphoryl azide (7.45 

30 mL, 34.6 mmol) in the presence of triethylamine (5.29 mL, 38.0 mmol) in 1,4-diaxane (175 mL), and reacted with 
benzyl alcohol (6.25 mL, 63.0 mmol) to give 5.33 g (53%) of the title compound as a pale yellowish brown solid. 

1 H-NMR (200MHz, DMSO-d 6 ) 6 12.18 (brs, 1H), 8.45 (s, 1H), 7.93 (d, J = 7.7 Hz, 1H), 7.66-7.74 (m, 2H), 7.32- 
7.51 (rn. 8H). 6.61 (d, J - 7.7 Hz, 1H) f 5.19 (s, 2H) 
35 |R (KBr) 3380, 1725, 1640, 1520, 1500 cm- 1 

Reference Example 10 

Synthesis of (5-benzyloxycarbonylamino-6-oxo-1,6-dihydro-1-pyrimidinyl)acetic acid. 

40 

(1) To a solution of benzoyl chloride (70.3 g, 0.500 mol) in ether (330 mL) was added dropwise a solution of forma- 
mide (22.5 g, 0.500 mol) in ethanol (23.0 g, 0.499 mol) over 1 h under ice-cooling. The resulting mixture was stirred 
at 0°C for 30 min, and precipitates were collected by filtration, washed with ether and dried in vacuo to give 30.1 g 
(55%) of ethyl formimidate hydrochloride as a colorless solid. 
45 (2) N-(2,2-DiethoxyethyI)formamidine was synthesized in the same manner as in Reference Example 2. That is, the 
target compound in step (1) (30.1 g, 0.275 mol) was reacted with aminoacetaldehyde diethyl acetal (36.6 g, 0.275 
mol) in ethanol (250 mL) to give 48.9 g of a colorless, transparent oil containing the target compound. 

(3) Ethyl (2,2-diethoxyethy0pyrimidin-6(1 H)-one-5-carboxylate was synthesized in the same manner as in Refer- 
ence Example 2. That is, the target compound in step (2) (crude product obtained in the above reaction, 48.9 g) 

so was reacted with diethyl ethoxymethylenemalonate (55 mL, 0.27 mol) in ethanol (1 00 mL) to give 12.2 g of the tar- 
get compound as a pale-yellow oil. 

(4) 1-(2 t 2-Diethoxyethyl)pyrimidin-6(1H)-one-5-carboxylic acid was synthesized in the same manner as in Refer- 
ence Example 3. That is, the target compound in step (3) (1 1 .9 g, 41 .9 mmol) was reacted with lithium iodide (14.0 
g, 105 mmol) in pyridine (80 mL) to give 8.19 g (76%) of the target compound as a brown solid. 

55 (5) (5-Benzyloxycaroonylamino-6-oxo-1 ,6-dihydro-1 -pyrimidinyl)acetaldehyde diethyl acetal was synthesized in the 
same manner as in Reference Example 2. That is, the target compound in step (4) (8.00 g, 31 .2 mmot) was reacted 
with cfiphenylphosphoryl azide (7.7 mL, 34 mmol) in the presence of triethylamine (8.7 mL, 62 mmol) in 1 ,4-dioxane 
(100 mL), and with benzyl alcohol (4.8 mL, 46 mmol) t give 7.97 g (71%) of the target compound as a colorless 
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solid. 

(6) (5-Benzyloxycarbonylamino^-oxo^ was synthesized in the same man- 
ner as in Referenc Example 2. That is, the target compound in step (5) (7.80 g, 21 .6 mmol) was treated with 1 N 
hydrochloric acid (60 mL) in THF (80 mL) to give 5.57 g of a colorless solid containing the target compound. 

(7) (5-Benzyloxycarbonytamino^-oxo-1,6^ihydro-1-pyrimidinyl)ac acid was synthesized in the same manner 
as in Reference Example 2. That is, the target compound in step (6) (crude product obtained in the above reaction, 
5.57 g) was treated with sodium chlorite (85%, 15.5 g, 0.146 mol) in the presence of 2-methyl-2-butene (21 mL, 
0.20 mol) and sodium dihydrogenphosphate dihydrate (21.8 g. 0.140 mol) in a mixed solution of 2-methyl-2-propa- 
nol (150 mL) and water (60 mL) to give 4.82 g of the title compound as colorless crystals, mp 216-220°C 

1 H-NMR (500 MHz, DMSO-dg) 5 13.3 (brs, 1H), 8.88 (s, 1H), 8.36 (s, 1H), 8.22 (s. 1H), 7.42 (d, J = 7.1 Hz, 2H), 
7.38 (t J = 7.1 Hz, 2H), 7.33 (t J = 7.1 Hz, 1H). 5.17 (s, 2H), 4.70 (s, 2H) 
IR (KBr) 3400, 3250, 1720, 1650, 1605, 1525 cm" 1 

Reference Example 1 1 

Synthesis of (5-benzyloxycarbonylamino-2-methyl-6-oxo-1 , 6-di hydro- 1-pyrimidinyl)acetic acid. 

(1) N-(2,2-Diethoxyethyl)acetamidine was synthesized in the same manner as in Reference Example 2. That is, 
ethyl acstimidate hydrochloride (25.0 g, 0.202 mol) was reacted with aminoacetaldehyde diethyl acetal (31 mL, 
0.021 mol) in ethanol (150 mL) to give 44.1 g of a pale-green oil containing the target compound. 

(2) Ethyl 1 -(2 l 2-diethoxyethyl)-2-methylpyrimidin-6(1 H)-one-5-carboxylate was synthesized in the same manner as 
in Reference Example 2. That is, The target compound in step (1) (crude product obtained in the above reaction, 
44.1 g) was reacted with diethyl ethoxymethylenemalonate (43 mL, 0.21 mol) in ethanol (75 mL) to give 34.1 g 
(57% yield from ethyl acetimidate hydrochloride) of the target compound as a yellow solid. 

(3) 1 -(2,2-Diethaxyethyl)-2-methylpyrimidin-6(1 H)-one-5-carboxylic acid was synthesized in the same manner as in 
Reference Example 3. That is, the target compound in step (2) (33.9 g, 1 1 4 mmol) was reacted with lithium iodide 
(36.6 g, 251 mmol) in pyridine (170 mL) to give 14.7 g (48%) of the target compound as a pale-brown solid. 

(4) (5-Benzyloxycartx)nylamino-2-methyl^ diethyl acetal was synthe- 
sized in the same manner as in Reference Example 2. That is, the target compound in step (3) (14.3 g, 52.9 mmol) 
was reacted with diphenytphosphoryl azide (13.5 mL, 60.2 mmol) in the presence of triethylamine (15.0 mL, 107 
mmd) in 1,4-dioxane (170 mL), and then with benzyl alcohol (8.2 mL, 79 mmol) to give 14.8 g (75%) of the target 
compound as a colorless, transparent oil. 

(5) (5-Benzyloxyc»ft»nylamino-2-methyl-^ was synthesized in the 
same manner as in Reference Example 2. That is, the target compound in step (4) (14.6 g, 38.9 mmol) was treated 
with 1N hydrochloric acid (100 mL) in THF (140 mL) to give 12.0 g of a dark brown amorphous containing the target 
compound. 

(6) (5-Benzyloxycail3onylamtno-2-methyf-6-oxo-1,6-dihydro-1-pyn acid was synthesized in the same 
manner as in Reference Example 2. That is, the target compound in step (5) (crude product obtained in the above 
reaction, 12.0 g) was treated with sodium chlorite (85%, 30.2 g, 284 mmol) in the presence of 2-methyl-2-butene 
(41 mL, 0.39 mol) and sodium dihydrogenphosphate dihydrate (42.5 g, 272 mmol) in a mixed solvent of 2-methyl- 
2-propanol (250 mL) and water (1 10 mL) to give 10.8 g of the title compound as a colorless solid. 

1 H-NMR (500 MHz, DMSO-d 6 ) 6 12.8 (brs, 1H), 8.73 (s, 1H), 8.23 (s, 1H), 7.43-7.35 (m, 4H), 7.33 (t, J = 7.1 
Hz, 1H), 5.15 (s, 2H), 4.78 (s. 2H), 2.41 (s, 3H) 
IR (KBr) 3600-2200, 1710, 1650, 1605, 1520 cm 

Reference Example 12 

Synthesis of [5-benzylQxycarbonylairrino-6-oxo-2-(o-to^ acid. 

(1) To a solution of o-toluamide (13.5 g, 0.100 mol) in dichloromethane (150 mL) was added a solution (1.0 M, 106 
mL, 0.106 mol) of triethyloxonium tetrafluoroborate in dichloromethane. The resulting mixture was stirred at room 
temperature for 14 h. Two-thirds of dichioromethane was evaporated under reduced pressure. After addition of 
ether (400 mL) to the concentrate, the mixture was stirred for 3 h under ice-cooling. Precipitates were collected by 
filtration, washed with ether, and dried in vacu to give 21 .7 g (86%) of ethyl 2-methylbenzimidate hydrotetraf luor- 
oborate as a colorless solid. 

(2) To a solution of the target compound in step (1) (6.25 g, 24.9 mmol) in ethanol (30 mL) was added dropwise 
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monoethanolamine (1 .80 mL, 29.8 mmol). The resulting mixture was stirred at room temperature for 15 h. Ethanol 
was evaporated und r reduced pressure. The obtained concentrate was poured into 1 N aqueous sodium hydroxide 
solution (150 mL) and extracted with chloroform. The extract was dried over anhydrous magnesium sulfate, and the 
solvent was evaporated under reduced pressure to give 5.31 g of a colorless, transparent oil containing N-(2- 
5 hydroxyethyQ-2-methyIbenzamidine. 

(3) Ethyl 1-(2-hydroxyethyl)-2-(o-tolyl)pyrimidin-6(1 H)-one-5-carboxylate was synthesized in th same manner as 
in Reference Example 2. That is, the target compound in step (2) (crude product obtained in the above reaction, 
5.31 g) was reacted with diethyl ethoxymethylenemaJonate (6.0 mL, 30 mmol) in ethanol (14 mL) to give 4.52 g of 
the target compound as a colorless solid. 

10 (4) To a solution of the target compound in step (3) (4.13 g, 13.7 mmol) and 2,6-lutidine (2.3 mL, 20 mmol) in dichlo- 
romethane (50 mL) was added tert-butyidimethylsilyl trrflate (4.0 mL, 17 mmol). The resulting mixture was stirred 
at room temperature for 8 h, poured into 1N hydrochloric acid (150 mL), and then extracted with chloroform. The 
extract was washed with saturated aqueous sodium hydrogen-carbonate solution (150 mL) and saturated brine, 
and dried over anhydrous magnesium sulfate. The residue was concentrated under reduced pressure, and sepa- 

15 rated and purified by silica gel column chromatography (chloroform) to give 5.70 g (1 00%) of ethyl 1 -[2-(tert-buty!d- 
imethylsilyl)Qxyethyl]-2-(o-tolyl)pyrimidin-6(1 H)-one-5-carboxyiate as a colorless solid. 

(5) 1-g-(tert-Butyldimethylsilyl)oxyet^ acid was synthesized in the 
same manner as in Reference Example 3. That is, the target compound in step (4) (1 1 .3 g, 27.1 mmol) was reacted 
with lithium iodide (1 1 .6 g, 86.7 mmol) in pyridine (55 mL) to give 7.21 g (68%) of the target compound as a color- 

20 less solid. 

(6) 1 -(tert-Butyldimethylsilyl)Gxy-2-[545enz ,6-dihydro-l -pyrimidinyQethane 
was synthesized in the same manner as in Reference Example 2. That is, the target compound in step (5) (6.86 g, 
1 7.7 mmol) was reacted with diphenyiphosphoryl azide (4.8 mL, 21 mmol) in the presence of triethylamine (4.9 mU 
35 mmol) in 1,4-dioxane (70 mL), and then with benzyl alcohol (2.7 mL, 26 mmol) to give 5.66 g (44%) of a mixture 

25 of the target compound and benzyl alcohol as a pale-yellow oil. 

(7) To a solution of the target compound in step (6) (mixture with benzyl alcohol, 5.66 g, 7.86 mmol) in THF (40 mL) 
was added a solution (1.0 M, 10 mL, 10 mmol) of tetrabutylammonium fluoride in THF. The resulting mixture was 
stirred at room temperature for 5 h, poured into water (150 mL), and then extracted with ethyl acetate. The extract 
was washed with saturated brine and dried over anhydrous magnesium sulfate. Hie residue was concentrated 

30 under reduced pressure, and separated and purified by silica gel column chromatography (ethyl acetate-hexane, 
50:50) to give 2.95 g (99%) of 2-[54)enzyloxy(»rbonylamirK>-6-rc as 
a colorless amorphous. 

(8) To a solution of the target compound in step (7) (2.83 g, 7.46 mmol) and triethylamine (3.1 mL, 22 mmol) in 
dichloromethane (25 mL) was added a solution of suffur trioxide-pyridine complex (3.56 g, 22.4 mmol) in DMSO (25 

35 mL) under ice-cooling. The resulting mixture was stirred at 0°C for 4 h, poured into ice-cooled saturated brine (100 
mL), and then extracted with ethyl acetate. The extract was washed with 0.5N hydrochloric acid (100 mL) and sat- 
urated brine, and dried over anhydrous magnesium sulfate. Concentration under reduced pressure gave 2.72 g 
(97%) of [5-benzy!oxycarbonylamino-6-oxo-2-(o-tolyl)-1 ,6-dihydro-l -pyrimidinyijacetaldehyde as a colorless amor- 
phous. 

40 (9) [5-Benzyloxycarbonylamino-6-oxo-2-(o-tolyl)-1 t 6-dihydro-1 -pyrirrtidinyl]acetic add was synthesized in the same 
manner as in Reference Example 2. That is, the target compound in step (8) (2.60 g, 6.89 mmol) was treated with 
sodium chlorite (85%, 5.35 g, 50.3 mmol) in the presence of 2-methyl-2-butene (7.3 mL, 69 mmol) and sodium dihy- 
drogenphosphate dihydrate (7.52 g, 48.2 mmol) in a mixed solvent of 2-methyl-2-propanol (45 mL) and water (20 
mL) to give 2.43 g (90%) of the title compound as colorless crystals. 

45 

mp 191-193°C 

1 H-NMR (500 MHz, DMSO-de) 6 13.2 (brs, 1H), 9.00 (s, 1H), 8.48 (s, 1H), 7.47-7.29 (m, 8H), 7.26 (d, J = 7.1 
Hz, 1H), 5.20 (s, 2H), 4.55 (d, J = 17.2 Hz, 1H), 4,20 (d, J » 17.2 Hz, 1H), 2.15 (s. 3H) 
IR (KBr) 3600-2200, 1730, 1655, 1605, 1515 cm _1 

50 

Reference Example 13 

Synthesis of [5-benzyloxycarbonylamino-2-(4K;hlorophenyl)-6-Qxo-1,6<iihydro-1-pyrimidinyl]aceti^ acid. 

55 (1) Ethyl 4-chlorobenzimidate hydrochloride was synthesized in the same manner as in Reference Example 2. That 
is, p-chlorobenzonrtrile (25.6 g, 0.186 mof) was reacted with hydrogen chloride in ethanol (250 mL) to give 36.8 g 
(90%) of the target compound as colorless crystals. 

(2) 4-Chloro-N-{2,2-diethoxyethyl)benzamidine was synthesized in the same manner as in Reference Example 2. 



23 



EP 0 826 671 A1 



That is. the target compound in step (1) (35.6 g, 0.162 mol) was reacted with aminoacetaldehyde diethyl acetal (26 
mL, 0.18 mol) in ethanol (120 ml_) to give 48.3 g of a pale-yellow oil containing the target compound. 

(3) Ethyl 2-(4-chloropheny0-1-(2,2-diethoxyetl^ was synthesized in the same 
manner as in Reference Example 2. That is, the target compound in step (2) (crude product obtained in the above 
reaction, 48.3 g) was reacted with diethyl ethoxymethyienemalonate (36 mL, 0.18 mol) in ethanol (70 mL) to give 
46.3 g of the target compound as a pale-yellow oil. 

(4) 2-(4-Chloropheny1)-1-(2,2<lietr»xyetr^ acid was synthesized in the same 
manner as in Reference Example 3. That is P the target compound in step (3) (45.7 g, 1 16 mmoi) was reacted with 
lithium iodide (37.2 g, 278 mmol) in pyridine (165 mL) to give 33.0 g (78%) of the target compound as pale-brown 
crystals. 

(5) [5-Benzyloxycarbonylamino-2-(4-<*laoph diethyl acetal 
was synthesized in the same manner as in Reference Example 2. That is, the target compound in step (4) (32.2 g, 

87.8 mmol) was reacted with diphenylphosphoryl azide (21 .5 mL, 95.9 mmol) in the presence of triethytamine (24.5 
mL. 176 mmol), and then with benzyl alcohd (12 mL, 0.16 mol) to give 39.3 g (85%) of a mixture of the target com- 
pound and benzyl alcohol as a colorless solid. 

(6) [5-Benzylc^carbonylamino-2-(4-chlorophe was synthesized 
in the same manner as in Reference Example 2. That is, the target compound in step (5) (mixture with benzyl alco- 
hol, 38.7 g, 73.9 mmol) was treated with 1N hydrochloric acid (190 mL) in THF (250 mL) to give 36.8 g of a mixture 
containing the target compound as a colorless solid. 

(7) [5-Benzyloxycail>ony1amino-2-(4-chtoroph acid was synthesized in 
the same manner as in Reference Example 2. That is, the target compound in step (6) (crude product obtained in 
the above reaction, 36.8 g) was treated with sodium chlorite (80%, 58.5 g, 517 mmol) in the presence of 2-methyl- 
2-butene (78 mL, 0.74 mol) and sodium dihydrogenphosphate dihydrate (84.2 g, 540 mmol) in a mixed solvent of 
2-methyl-2-propanol (460 mL) and water (190 mL) to give 26.6 g of the title compound as colorless crystals. 

mp 220-224°C 

1 H-NMR (500 MHz, DMSO-d 6 ) 6 13.29 (brs, 1H), 9.01 (s, 1H), 8.47 (s, 1H), 7.60 (d, J = 8.5 Hz, 2H), 7.53 (d, J 
= 8.5 Hz, 2H), 7.44 (d, J = 7.1 Hz, 2H), 7.39 (t, J * 7.1 Hz, 2H), 7.34 (t, J = 7.1 Hz, 1 H). 5.1 9 (s, 2H), 4.53 (s, 2H) 
IR (KBr) 3320, 1725, 1665. 1610, 1515 cm -1 

Reference Example 14 

Synthesis of [5-benzyloxycarbonylamino-2-(4-methaxyph acid. 

(1) Ethyl 4-methoxybenzimidate hydrochloride was synthesized in the same manner as in Reference Example 2. 
That is, anisonitrile (25.6 g, 0.199 mol) was treated with hydrogen chloride in ethanol (250 mL) to give 40.5 g (94%) 
of the target compound as pale-red crystals. 

(2) N-(2,2-Diethoxyethyl)-4-methoxybenzamidine was synthesized in the same manner as in Reference Example 
2. That is, the target compound in step (1) (38.8 g, 0.180 mol) was treated with aminoacetaldehyde diethyl acetal 
(29 mL, 0.20 mol) in ethanol (1 30 mL) to give 60.2 g of a colorless, transparent oil containing the target compound. 

(3) Ethyl 1-(2,2-diethoxyethyl)-2-(4-methox^ was synthesized in the 
same manner as in Reference Example 2. That is, the target compound in step (2) (crude product obtained in the 
above reaction, 60.2 g) was reacted with diethyl ethoxymethyienemalonate (40.5 mL, 0.200 mol) in ethanol (70 mL) 
to give 33.6 g of the target compound as a pale-yellow oil. 

(4) 1-(2,2-Diethoxyetrtyi)-2-(4-methox^ acid was synthesized in the same 
manner as in Reference Example 3. That is. the target compound in step (3) (33.0 g. 84.5 mmol) was reacted with 
lithium iodide (27.1 g, 202 mmol) in pyridine (120 mL) to give 25.1 g (82%) of the target compound as colorless 
crystals. 

(5) [5-Benzy1cxywrbonylamino-2-(4-methoxyph diethyl acetal 
was synthesized in the same manner as in Reference Example 2. That is, the target compound in step (4) (24.6 g, 

67.9 mmol) was reacted with diphenylphosphoryl azide (16.8 mL, 74.9 mmol) in the presence of triethylanrrine (19 
mL, 0.1 4 mol) in 1 ,4-dioxane (200 mL), and then with benzyl alcohol (9.1 mL, 88 mmol) to give 1 8.8 g (59%) of the 
target compound as colorless crystals. 

(6) [5-BenzylaKycarborrylamino-2-(4-m^ was synthe- 
sized in the same manner as in Reference Example 2. That is, the target compound in step (5) (18.1 g, 38.7 mmol) 
was treated with 1N hydrochl ric acid (100 mL) in THF (130 mL) to give 16.5 g of a mixture containing the target 
compound, as a colorless solid. 

(7) [5-Benzylcxycarbonylamino-2-(4-methoxyphenyl)-6-oxo-1 l 6-dihydro-1-pyrimidinyl]a acid was synthesized 
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in the same manner as in Reference Example 2. That is, the target compound in step (6) (crud product obtained 
in the above reaction, 16.5 g) was treated with sodium chlorite (85%, 28.8 g, 271 mmol) in the presence of 2- 
methyl-2-butene (41 mL f 0.39 mol) and sodium dihydrogenphosphate dihydrate (44.1 g, 283 mmol) in a mixed sol- 
vent of 2-methyi-2-propanol (240 mL) and water (1 00 mL) to give 1 4.4 g of the title compound as colorless crystals. 

mp 195-200°C 

1 H-NMR (500 MHz, DMSO-d 6 ) 5 13.2 (brs, 1H), 8.93 (s, 1H), 8.44 (s, 1H), 7.47-7.42 (m, 4H), 739 (t, J = 7.1 
Hz. 2H), 7.34 (t, J ■ 7.1 Hz, 1H), 7.07 (d, J = 8.8 Hz, 2H) t 5.19 (s, 2H), 4.54 (s. 2H), 3.82 (s, 3H) 
IR (KBr) 3300, 1725, 1660, 1600 cm' 1 

Reference Example 15 

Synthesis of [5-benzyloxycartx)nylamino-2-(4-nitro^ add. 

(1) Ethyl 4-nitrobenzimidate hydrochloride was synthesized in the same manner as in Reference Example 2. That 
is, 4-nitrobenzonitrile (26.5 g, 0.179 mo!) was reacted with hydrogen chloride in ethanol (250 mL) to give 35.7 g 
(86%) of the target compound as colorless crystals. 

(2) N-(2,2-Diethoxyethyl)-4-nitrobenzamidine was synthesized in the same manner as in Reference Example 2. 
That is, the target compound in step (1) (34.7 g, 0.150 mol) was reacted with aminoacetaldehyde diethyl acetal (24 
mL, 0.17 mol) in ethanol (120 mL) to give 42.4 g of a pale-yellow solid containing the target compound. 

(3) Ethyl 1-(2,2-diethoxyethy0-2-(4-nrtropheny0p^ was synthesized in the same 
manner as in Reference Example 2. That is, the target compound in step (2) (crude product obtained in the above 
reaction, 42.4 g) was reacted with diethyl ethoxymethylenemalonate (34 mL, 0.17 mol) in ethanol (65 mL) to give 
49.0 g of the target compound as pale-yellow crystals. 

(4) 1 -(2,2-Diethoxyethyl)-2-(4-nitrophenyl)pyrimidin-6(1 H)-one-5-carboxylic acid was synthesized in the same man- 
ner as in Reference Example 3. That is, the target compound in step (3) (48. 1 g, 0. 1 1 9 mol) was reacted with lithium 
iodide (38.1 g, 0.285 mol) in pyridine (160 mL) to give 26.7 g (59%) of the target compound as colorless crystals. 

(5) [5-Benzyloxyrail3onylamino-2-(4-nit^ diethyl acetal was 
synthesized in the same manner as in Reference Example 2. That is, the target compound in step (4) (26.2 g, 69.4 
mmol) was reacted with diphenylphosphoryl azide (17.9 mL, 79.8 mmol) in the presence of triethylamine (19 mL, 
0.14 mol) in 1,4-dioxane (220 mL), and then with benzyl alcohol (10.5 mL, 0.101 mol) to give 24.5 g (73%) of the 
target compound as pale-yellow crystals. 

(6) [5-Benzylaxycart3onylamino-2-(4-nitrophen synthesized in 
the same manner as in Reference Example 2. That is, the target compound in step (5) (24.0 g, 49.7 mmol) was 
treated with 1 N hydrochloric acid (140 mL) in THF (185 mL) to give 20.4 g (100%) of the target compound as pale- 
yellow crystals. 

(7) [5-Benzylaxycartx3nylamino-2-{^^ acid was synthesized in 
the same manner as in Reference Example 2. That is, the target compound in step (6) (20.2 g, 49.5 mmol) was 
treated with sodium chlorite (85%, 36.9 g, 347 mmol) in the presence of 2-methyl-2-butene (52 mL, 0.49 mol) and 
sodium dihydrogenphosphate dihydrate (56.4 g, 362 mmol) in a mixed solvent of 2-methyt-2-propano! (31 0 mL) and 
water (130 mL) to give 20.3 g (97%) of the title compound as colorless crystals. 

mp 240-243°C 

'H-IMMR (500 MHz, DMSO-de) 5 13.3 (brs, 1H), 9.10 (s, 1H), 8.51 (s, 1H), 8.37 (d, J = 8.8 Hz, 2H), 7.79 (d, J 
o 8.8 Hz, 2H), 7.45 (d, J *= 7.1 Hz, 2H), 7.40 (t, J = 7.1 Hz, 2H), 7.34 ft J = 7.1 Hz. 1 H), 5.20 (s, 2H), 4.53 (s, 2H) 
IR (KBr) 3650-2800. 1720. 1670. 1610, 1530, 1505 cm -1 

Reference Example 16 

Synthesis of [5-benzyloxycartx>nylamino-2-(3,5-dm^ acid. 

(1) Ethyl 3,5-dinitrobenzimidate hydrochloride was synthesized in the same manner as in Reference Example 2. 
That is, 3,5-dinrtrobenzonitrile (25.2 g, 0.130 mol) was treated with hydrogen chloride in ethanol (250 mL) to give 
34.5 g (96%) of the target compound as pale-brown crystals. 

(2) N-(2 t 2-Diethoxyethyl)-3,5-dinitrobenzamidine was synthesized in the same manner as in Reference Example 2. 
That is, the target compound in step (1) (34.4 g, 0.125 moQ was reacted with aminoacetaldehyde diethyl acetal (24 
mL, 0.17 mol) in ethanol (130 mL) to give 46.8 g of a reddish brown solid containing the target compound. 

(3) EthyM-(2,2-di thoxyethyl)-2-(3,5-dinitroph nyl)pyrimidin-6(1H)-one-5-carboxylat was synthesized in the same 
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manner as in Reference Example 2. That is, the target compound in step (2) (crude product obtained in the above 
reaction. 46.8 g) was reacted with diethyl ethoxymethylenemalonate (34 mL, 0.17 mol) in ethanol (65 mL) to give 
37.3 g of the target compound as colorless crystals. 

(4) H2,2-Diethoxyethy1)-2-(3,5-dinrtrophenyl)pyrimidin-6(1H)-one-5-carboxylic acid was synthesized in the same 
manner as in Reference Example 3. That is, the target compound in step (3) (36.7 g, 81 .5 mmol) was reacted with 
lithium iodide (26.2 g, 0. 1 96 m I) in pyridine (1 20 mL) to give 22.6 g (66%) of the target compound as brown crys- 
tals. 

(5) [5-Berizyloxycarbonylamino-2-(3,5Kiinitrophe diethyl acetaJ 
was synthesized in the same manner as in Reference Example 2. That Is, the target compound in step (4) (22.2 g, 
52.6 mmol) was reacted with diphenylphosphoryl azide (14.2 mL, 63.3 mmol) in the presence of triethylamine (14.5 
mL, 0.104 mol) in 1 ,4-dioxane (200 mL), and then with benzyl alcohol (8.2 mL, 79 mmol) to give 5.38 g (17%) of a 
mixture of the target compound and benzyl alcohol as a brown oil. 

(6) [5-Benzylo«ycarbony1amino-2-(3,5<im^ was synthe- 
sized in the same manner as in Reference Example 2. That is, the target compound in step (5) (mixture with benzyl 
alcohol, 5.37 g, 8.86 mmol) was treated with 2N hydrochloric acid (80 mL) in THF (110 mL) to give 5.55 g of a black 
oil containing the target compound. 

(7) [5-BenzylcKycarboriylamino-2-(3,5-dinitrophenyl)-^ acid was synthesized 
in the same manner as in Reference Example 2. That is, the target compound in step (6) (crude product obtained 
in the above reaction, 5.55 g) was treated with sodium chlorite (85%, 6.88 g, 64.7 mmol) in the presence of 2- 
methyl-2-butene (9.4 mL, 89 mmol) and sodium dihydrogenphosphate dihydrate (9.68 g, 62.0 mmol) in a mixed sot- 
vent of 2-methyl-2-propanol (60 mL) and water (25 mL) to give 3.94 g of a mixture of the title compound and diethyl 
ether as a dark brown solid. 

1 H-NMR (500 MHz, DMSO-dg) 6 13.5 (brs, 1H), 9.17 (s, 1H), 8.95 (t, J = 2.1 Hz, 1H), 8.74 (d, J = 2.1 Hz, 2H), 
8.55 (s, 1 H), 7.45 (d, J = 7. 1 Hz, 2H), 7.40 (t, J = 7.1 Hz, 2H), 7.34 (t, J = 7. 1 Hz, 1 H), 5.21 (s, 2H), 4.59 (s, 2H) 
IR (KBr) 3320, 3070, 1715. 1660. 1505 cm* 1 

Reference Example 17 

Synthesis of [5-benzyloxycarbonylamino-6-oxo-2-(3-pyridy^^ acid. 

(1) To a mixture of chloroform (100 mL) and ethanol (200 mL) was added dropwise acetyl chloride (190 mL, 2.67 
mol) under ice-cooling over 1 h. The resulting solution was stirred at 0°C for 30 min, whereafter a solution of 3-cyan- 
opyridine (25.5 g, 245 mmol) in chloroform (300 mL) was added dropwise over 1 .5 h. After stirring at room temper- 
ature for 17 h, precipitates were collected by filtration, washed with chloroform, and dried in vacuo to give 50.5 g 
(92%) of ethyl 3-pyridinecarboximidate dihydrochloride as colorless crystals. 

(2) To a solution of the target compound in step (1) (50.0 g, 0.224 mol) in ethanol (200 mL) were added aminoa- 
cetaldehyde diethyl acetal (37 mL, 0.25 mol) and triethylamine (35 mL, 0.25 mol) under ice-cooling. The resulting 
mixture was stirred at room temperature for 5 h. Ethanol was evaporated under reduced pressure and the obtained 
concentrate was poured into 1 N aqueous sodium hydroxide solution (600 mL) and then extracted with chloroform. 
The extract was dried over anhydrous magnesium sulfate. Evaporation of the solvent under reduced pressure gave 
55.0 g of a yellow oil containing N-(2,2-diethoxyethyl)-3-pyridinecarboxamidine. 

(3) Ethyl 1 -(2,2-diethoxyethyl)-2-(3-pyridyl)pyrimidin-6(1 H)-one-5-carboxylate was synthesized in the same manner 
as in Reference Example 2. That is, the target compound in step (2) (crude product obtained in the above reaction, 
55.0 g) was reacted with diethyl ethoxymethylenemalonate (51 mL, 0.25 mol) in ethanol (100 mL) to give 53.0 g of 
the target compound as colorless crystals. 

(4) 1-(2,2-DiethoxyethyO-2-(3-pyridyl)pyrimidin-6(1H)-one-5<arboxylic acid was synthesized in the same manner 
as in Reference Example 3. That is, the target compound in step (3) (50.2 g, 139 mmol) was reacted with lithium 
iodide (43.1 g, 322 mmol) in pyridine (200 mL) to give 33.0 g (66%) of the target compound as a dark brown solid. 

(5) [5-Benzyloxycarbonylamino-6-oxo-2-(3-pyricfyl)-1 ,6-dihydro-1 -pyrimidinyljacetaldehyde diethyl acetal was syn- 
thesized in the same manner as in Reference Exanple 2. That is, the target compound in step (4) (32.5 g, 97.5 
mmol) was reacted with diphenylphosphoryl azide (26 mL, 0.12 mol) in the presence of triethylamine (27 mL, 0.19 
mol) in 1 ,4-dioxane (250 mL), and then with benzyl alcohol (15 mL, 0.14 mol) to give 30.8 g (72%) of the target com- 
pound as colorless crystals. 

(6) [5-Benzyloxycarbony!amino^oxo-2-(3-pyrti^ was synthesized in the 
same manner as in Reference Example 2. That is, the target compound in step (5) (29.9 g, 68.2 mmol) was treated 
with 1 N hydrochloric acid (180 mL) in THF (250 mL) to give 25.4 g of a brown solid containing the target compound. 

(7) [5-B nzylaxycarbonylairuno-6-oxo-2-(3-pyridy^ acid was synthesized in th 
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same manner as in Reference Example 2. That is. the target compound in step (6) (crude product obtained in the 
above reaction, 25.4 g) was treated with sodium chlorite (85%, 53.0 g, 498 mmol) in the presence of 2-methyl-2- 
butene (72 ml_, 0.68 mol) and sodium dihydrogenphosphate dihydrate (74.5 g, 478 mmol) in a mixed solvent of 2- 
methyl-2-propanol (430 mL) and water (180 mL) to give 17.4 g of the title compound as colorless crystals. 

5 

mp 189-190°C 

1 H-NMR (500 MHz, DMSO-d 6 ) 6 13.3 (brs, 1H), 9.06 (s, 1H), 8.74 (dd, J =4.9, 1.6 Hz, 1H) f 8.70 (d, J = 1.8 Hz, 
1H) ( 8.50 (s, 1H), 7.94 (m, 1H), 7.56 (dd, J - 7.9, 4.9 Hz, 1H), 7.45 (d, J - 7.1 Hz, 2H), 7.40 (t, J -7.1 Hz. 2H), 
7.34 ft J = 7.1 Hz, 1 H), 5.20 (s, 2H), 4.57 (s, 2H) 
10 IR (KBr) 3380, 1720, 1660, 1600, 1510 cm 1 

Reference Example 18 

Synthesis of [5-benzyloxycarbonylamino-6-oxo-2-(4-pyridyl)-1.6-dihydro-1-pyrimidinyl]acetic add. 

15 

(1) To a solution of 4-cyanopyridine (23.9 g, 0.230 mol) in methanol (200 mL) was added a solution (5.0 M, 5.0 mL, 
25 mmol) of sodium methoxide in methanol. The resulting mixture was stirred at room temperature for 7 h. Acetic 
acid (1 .5 mL, 26 mmol) was added to stop the reaction. Then, aminoacetaldehyde diethyl acetal (38 mL, 0.26 mol) 
was added under ice-cooling, and the resulting mixture was stirred at room temperature for 14 h. Methanol was 

20 evaporated under reduced pressure, and the concentrate obtained was poured into 0.5N sodium hydroxide (500 
mL) and then extracted with chloroform. The extract was dried over anhydrous magnesium sulfate. Evaporation of 
the solvent under reduced pressure gave 80.6 g of a colorless solid containing N-(2,2-dethoxyethy0-4-pyridinecar- 
boxamidine. 

(2) Ethyl 1-(2,2^ietrtf>xyethy0-2-(4^yridyl)-p in the same man- 
25 ner as in Reference Example 2. That is, the target compound in step (1) (crude product obtained in the above reac- 
tion, 80.6 g) was reacted with diethyl ethoxymethyfenemalonate (52 mL, 0.26 mol) in ethanol (100 mL) to give 54,9 
g of the target compound as colorless crystals. 

(3) 1-(2,2-Diethoxyethy0-2-(4-pyridy0i)yiimidin-6(1h0-one-5-carboxylic acid was synthesized in the same manner 
as in Reference Example 3. That is, the target compound in step (2) (56.7 g, 179 mmol) was reacted with lithium 

30 iodide (57.5 g, 430 mmol) in pyridine (220 mL) to give 32.1 g (54%) of the target compound as pale-reddish brown 
crystals. 

(4) [5-Benzyloxycarbonylamino-6-oxo-2-(4-pyridyg^^ diethyl acetal was syn- 
thesized in the same manner as in Reference Example 2. That is, the target compound in step (3) (30.8 g, 92.4 
mmol) was reacted with diphenylphosphoryl azide (24 mL 0.1 1 mol) in the presence of triethylamine (26 mL, 0.19 

35 mol) in 1 ,4-dioxane (230 mL), and then with benzyl alcohol (1 4 mL, 0. 1 4 mol) to give 28.4 g (70%) of the target com- 
pound as colorless crystals. 

(5) [5-Benzyloxyrarbonylamino^-oxo-2-(4iyrid^ was synthesized in the 
same manner as in Reference Example 2. That is, the target compound in step (4) (27.7 g, 63.2 mmol) was treated 
with 1 N hydrochloric acid (180 mL) in THF (250 mL) to give 24.7 g of a colorless solid containing the target com- 

40 pound. 

(6) [5-Benzyloxycartx>ny!amino-6-oxo-2-^ acid was synthesized in the 
same manner as in Reference Example 2. That is, the target compound in step (5) (crude product obtained in the 
above reaction, 24.7 g) was treated with sodium chlorite (85%, 49.1 g, 461 mmol) in the presence of 2-methyl-2- 
butene (67 mL, 0,63 mol) and sodium dihydrogenphosphate dihydrate (69.0 g, 442 mmol) in a mixed solvent of 2- 

45 methyl-2-propanoi (400 mL) and water (1 70 mL) to give 2 1 .7 g of the title compound as yellow crystals. 

mp216-219°C 

1 H-NMR (500 MHz. DMSO-dfe) 6 13.3 (brs, 1H), 9.09 (s, 1H), 8.76 (d, J = 6.0 Hz, 2H), 8.50 (s, 1H), 7.51 (d, J 
= 6.0 Hz, 2H), 7.45 (d, J = 7.1 Hz, 2H), 7.40 ft J = 7.1 Hz, 2H), 7.34 ft J = 7.1 Hz, 1 H), 5.20 (s, 2H), 4.55 (s, 2H) 
50 IR (KBr) 3370, 3260, 1725, 1665, 1595, 1525 cm' 1 

Reference Example 19 

Synthesis of [5-benzyloxy(»rtx)nylamino-6-oxo-2-^ acid. 

55 

(1) Ethyl 2-thiophenecarboximidate hydrochloride was synthesized in the same manner as in Reference Example 
2. That is, 2-thiophenecarbonitriIe (25.2 g, 0.231 mol) was treated with hydrogen chloride in ethanol (250 mL) to 
give 16.3 g (37%) of the target compound as colorless crystals. 
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(2) N-(2,2-Diethoxyethy()-2-thiophenecarboxanriidine was synthesized in the same manner as in Reference Exam- 
ple 2. That is, the target compound in step (1) (16.1 g, 84.0 mmoi) was reacted with aminoacetaldehyde diethyl 
acetal (13.5 mL, 92.8 mmol) in ethanol (65 mL) to give 30.4 g of a colorless, transparent oil containing the target 
compound. 

(3) Ethyl 1 -(2,2-diethoxyethyl)-2-(2-thienyf)pyrimidin-6(1 H)-one-5-carboxylate was synthesized in the same manner 
as in Reference Example 2. That is, the target compound in step (2) (crude product obtained in the above reaction, 
30.4 g) was reacted with diethyl ethoxymethylenemalonate (19 mL, 94 mmol) in ethanol (40 mL) to give 18.1 g of 
the target compound as a pale-yellow solid. 

(4) 1-(2,2-Diethoxyethyl)-2-(2-thienyl)pyrimidin-6(1H)-one-5-cartoxyIic acid was synthesized in the same manner 
as in Reference Example 3. That is, the target compound in step (3) (1 7.7 g, 48.3 mmol) was treated with lithium 
iodide (15.5 g, 1 16 mmol) in pyridine (65 mL) to give 12.2 g (75%) of the target compound as pale-brown crystals. 

(5) [5-Benzyloxycartonylamino-6-Qxo-2-(2-tft^ diethyl acetal was syn- 
thesized in the same manner as in Reference Example 2. That is, the target compound in step (4) (1 1.7 g, 34.6 
mmol) was reacted with diphenylphosphoryl azide (8.5 mL, 38 mmol) in the presence of triethylamine (9.5 mL 68 
mmol) in 1,4-dioxane (100 mL), and then with benzyl alcohol (4.5 mL, 43 mmol) to give 13.9 g (83%) of a mixture 
of the target compound and benzyl alcohol as a pale-yellow oil. 

(6) [5-Beruyloxycart»nyiamino-6-CKO-2-(2-thie was synthesized in the 
same manner as in Reference Example 2. That is, the target compound in step (5) (mixture with benzyl alcohol, 
13.7 g, 28.3 mmol) was treated with 1N hydrochloric acid (75 mL) in THF (100 mL) to give 1 1.8 g of a pale-yellow 
oil containing the target compound. 

(7) [5-Benzyloxycait>onylafnino-6-axo-2-(2-to acid was synthesized in the 
same manner as in Reference Example 2. That is, the target compound in step (6) (crude product obtained in the 
above reaction, 1 1.8 g) was treated with sodium chlorite (80%, 22.4 g, 198 mmol) in the presence of 2-methyl-2- 
butene (30 mL, 0.28 mol) and sodium dihydrogenphosphate dihydrate (32.2 g, 206 mmol) in a mixed solvent of 2- 
methyl-2-propanol (1 75 mL) and water (75 mL) to give 1 0.4 g of the title compound as pale-yellow crystals. 

mp151-152°C 

1 H-NMR (500 MHz, DMSO-de) 6 13.44 (brs, 1 H). 9.00 (s, 1 H), 8.44 (s, 1 H), 7.85 (dd, J a 5.1, 1.0 Hz, 1 H), 7.45- 
7.41 (m, 3H), 7.39 (t, J = 7.1 Hz, 2H), 7.34 (t. J = 7.1 Hz, 1 H), 7.20 (dd. J = 5.1, 3.8 Hz, 1H), 5.19 (s, 2H), 4.86 
(s, 2H) 

IR (KBr) 3600-2200, 1730, 1650, 1600, 1530, 1500 cm " 1 
Example 1 

Synthesis of 2-(5-benzyloxycarbonylamino-6-oxo-2-phenyl-1 ,6-dihydro-1 -pyrimidyl)-N-(1 -benzyi-3,3,3-trifluoro-2-oxo- 
propyl)acetamide. 

(1) To a solution of (5-benzyloxycarbonylamino-6-OKO-2-phenyl-1^ acid (title com- 
pound in Reference Example 2, 8.57 g, 22.6 mmol) and 3- amino- 1 ,1 ,1-trifluoro-4-phenyl-2-butanol (title compound 
in Reference Example 1, 5.91 g, 27.2 mmol) in DMF (75 mL) were added WSCI hydrochloride (5.20 g, 27.2 mmol) 
and HOBT (6.10 g, 45.1 mmol). The resulting mixture was stirred at room temperature lor 16 h, poured into 0.5N 
hydrochloric acid (500 mL), and then extracted with ethyl acetate. The extract was washed with saturated aqueous 
sodium hydrogencarbonate solution and saturated brine, and dried over anhydrous magnesium sulfate. The resi- 
due obtained by concentration of the extract was separated and purified by silica gel column chromatography (chlo- 
roform-ethyl acetate, 83:17) to give 11.4 g (87%) of 2-(5-benzyloxycarbonylamino-6-oxo-2-phenyl-1.6-dihydro-1- 
pyrimidyl)-N-(1-benzyl-3,3,3-trifluoro-2-hydroxypropyl)acetamide as colorless crystals. 

mp198-202°C 

1 H-NMR (500MHz, DMSO-d 6 ) 6 8.85 (s, 1H), 8.43 (s, 1H), 8.32 (d, J = 8.9 Hz, 1H), 7.08-7.54 (m, 15H), 6.70 
(d, J = 7.1 Hz, 1H), 5.19 (s, 2H), 4.41 (d, J = 16.3 Hz, 1H), 4.25 (d, J = 16.3 Hz, 1H), 4.07 (m, 1H), 3.90(m, 1H), 
2.92 (dd, J * 14.1, 2.6 Hz. 1H), 2.75 (dd, J = 14.1, 10.4 Hz. 1H) 
IR (KBr) 3430, 3370, 3260, 3080, 1705, 1660, 1600, 1520 cm- 1 

(2) To a solution of the hydroxy compound obtained above (2.00 g, 3.44 mmol) in dimethytsulfoxide (OMSO) (15 
mL) and toluene (15 mL) were added WSCI hydrochloride (6.60 g, 34.4 mmol) and dichloroacetic acid (1.1 mL, 13 
mmol). The resulting mixture was stirred at room temperature for 2.5 h, poured into 1 N hydrochloric acid (1 50 mL), 
and then extracted with ethyl acetate. The extract was washed with saturated aqueous sodium hydrogencarbonate 
solution and saturated brine, and dried ov r anhydrous magnesium sulfate. The residue obtained by concentration 
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of the extract was separated and purified by silica gel column chromatography (chloroform-ethyl acetate, 83:17) to 
give 1.29 g (65%) of the trtl compound as colorless crystals. Recrystallization thereof from chloroform-hexane 
(1 :1) afforded 858 mg of colorless crystals. 

5 mp 1 86-1 88° C 

1 H-NMR (500MHz, DMSO-d 6 +D 2 0) 6 8.40 (s, 1H), 7.50 (t, J = 7.3 Hz, 1H), 7.44 (d, J = 7.1 Hz, 2H), 7.30-7.42 
(m, 7 H), 7.10-7.22 (m, 5H), 5.18 (s t 2H), 4.21-4.43 (m, 3H), 3.12 (dd, J = 14.1, 2.1 Hz t 1H), 2.60 (dd, J = 14.1, 
11.4 Hz, 1H) 

IR (KBr) 3280, 1725. 1650. 1600, 1515 cm' 1 
10 MS (CI, positive) m/z 579 (MH + ) 

Example 2 

Synthesis of 2-{5-amino-6-oxo-2-phenyl-1,6^ihydro-1-pyrimidy0 

15 

To a mixed solution of the title compound in Example 1 (734 mg, 1.27 mmo!) in ethanol (20 mL) and THF (20 mL) 
was added 1N hydrochloric acid (0.2 mL), and 10% palladium carbon (270 mg) was added under a nitrogen atmos- 
phere. The resulting mixture was stirred at room temperature for 6 h under a hydrogen atmosphere. Palladium carbon 
was removed by filtration and washed with ethanol. The filtrate was concentrated, and the residue obtained was sepa- 
20 rated and purified by silica gel column chromatography (chloroform-methanol, 91 ; 9) to give 466 mg (83%) of the title 
compound as pale-yellow crystals. 

Recrystallization thereof from chloroform-hexane (3:1) afforded 343 mg of colorless crystals. 

mp 208-21 1°C 

25 1 H-NMR (500MHz. DMSO-d 6 +D 2 O) 5 7.45 (t, J « 7.3 Hz, 1H), 7.09-7.35 (m. 10H), 4.18-4.36 (m, 3H), 3.12 (dd, J 
= 14.1, 2.2 Hz, 1H), 2.61 (dd, J= 14.1, 11.5 Hz, 1H) 
IR (KBr) 3420, 3260, 3050, 1645. 1610, 1540, 1515 cm' 1 
MS (CI, positive) m/z 445 (MH + ) 

30 Example 3 

Synthesis of 2-[5-benzyloxycarbonylamino-2-(4-fluoropheny0-6-oxo-1 ,6-dihydro-1 -pyrimidyl]-N-(1 -benzyl-3,3,3-trrf- 
luoro-2-cxopropyi)acetamide. 

35 (1) 2-[5-Benzyloxycarbonylamino-2-(4-fluorophenyl)-6-oxo-1 ,6-dihydro-1 -pyrimidyl]-N-(1-benzyl-3,3,3-trifluoro-2- 
hydroxyprcpyl)acetamide was synthesized in the same manner as in Example 1. That is, [5-benzyloxycarbo- 
nylamino-2-(4-fluorophenyl)-6-oxo-1.6-dihydro-1- pyrimidinyljacetic add (title compound in Reference Example 3, 
mixture with benzyl alcohol, 1.90 g, 4.48 mmoQ was treated with 3-amino-1,1,1-trifluoro-4-phenyl-2-butanol (title 
compound in Reference Example 1 , 1 .00 g, 4.56 mmol), WSCI hydrochloride (1 .03 g, 5.37 mmol) and HOBT (1 .21 

40 g, 8.95 mmol) in DMF (15 mL) to give 2.49 g (93%) of the target compound as colorless crystals. 

mp 242-245°C 

1 H-NMR (500MHz, DMSO-de ) 5 8.86 (s, 1H), 8.41 (s. 1H). 8.33 (d, J = 8.6 Hz, 1H), 7.42-7.46 (m, 4H), 7.39 (t. 
J = 7.6 Hz, 2H), 7.34 (t, J = 7.2Hz, 1H), 7.16-7.24 (m, 5H), 7.10 (d, J = 8.0 Hz, 2H), 6.71 (d, J = 6.7 Hz, 1H), 
46 5.18 (s, 2H), 4.43 (d, J = 16.6 Hz, 1H), 4.22 (d, J = 16.6 Hz. 1H), 4.07 (m ( 1H), 3.90 (m, 1H), 2.92 (dd, J - 14.2, 

2.8 Hz, 1H), 2.72 (dd, J = 14.2, 10.4 Hz, 1H) 
IR (KBr) 3410. 3250, 1705, 1660, 1600, 1525 cm' 1 

(2) The hydroxy compound obtained above (2.08 g, 3.48 mmol) was treated with WSCI hydrochloride (6.67 g, 34.8 
so mmol) and dichloroacetic acid (1.1 mL, 1 3 mmol) in a mixed solution of DMSO (1 5 mL) and toluene (15 mL) to give 
1.26 g (61%) of the title compound as colorless crystals. 

mp 103-107°C 

1 H-NMR (500MHz, DMSO-de +D 2 O) 5 8.39 (s, 1H), 7.32-7.46 (m, 7H), 7.08-7.21 (m, 7H), 5.18 (s, 2H), 4.20- 
55 4.45 (m, 3H), 3.11 (dd, J = 14.1, 2.2 Hz, 1H), 2.59 (dd, J = 14.1, 11.5 Hz, 1H) 

IR (KBr) 3370, 1730. 1640, 1600, 1520 cm* 1 
MS (CI, positive) m/z 597 (MH + ) 
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Example 4 

Synthesis of 2-[5-amino-2-(4-f luorophenyl)-6-Qxo-1 ,6-dihydro-1 -pyrimidyI]-N-(1 -benzyl-3,3,3-trif luoro-2-oxopro- 
pyl)acetamide. 

5 

The title compound was synthesized in th same manner as in Example 2. That is, the title compound in Example 
3 (705 mg, 1 .18 mmol) was reacted under a hydrogen atmosphere in the presence of 10% palladium carbon in a mixed 
solvent of ethanol (20 mL), THF (20 mL) and 1 N hydrochloric add (0.2 ml_) to give 21 7 mg (40%) of the title compound 
as pale-yellow crystals. 

10 

mp 133-135°C 

1 H-NMR (500MHz, DMSO-d 6 +D 2 O) 6 7.30 (dd, J = 8.7, 5.5 Hz, 2H), 7.28 (s, 1H), 7.13-7.22 (m, 5H), 7.09 (t, J = 
8.8 Hz, 2H), 4.35 (d, J = 16.4 Hz, 1H), 4.20-4.28 (m, 2H), 3.11 (dd, J = 14.1, 2.4 Hz, 1H), 2.60 (dd, J= 14.1, 11.5 
Hz, 1H) 

15 IR (KBr) 3420, 3270, 1645, 1615, 1545, 1500 cm" 1 
MS (CI, positive) m/z 463 (MH + ) 

Example 5 

20 Synthesis of 2-{5-benzyloxycarbonylamino-6-oxo-2-(p-tolyi)-1 ,6<lihydro-1 -pyrimidyQ-N-(1 -benzyt-3,3,3-trif luoro-2-oxo- 
propyQacetamide. 

(1) 2-{5-BenzylaxycaibonyIamino-6-oxo-2-(p-tolyl)-1 ,6-dihydro-1 -pyrimidyl]-N-(1 -benzyl-3,3,3-triHuoro-2-hydraxy- 
propyf)acetamide was synthesized in the same manner as in Example 1 . That is, [5-benzylGxycarbonylamino-6- 

25 oxo-2-(p-tolyl)-1,6-dihydro-1-pyrimidinyl]acetic add (title compound in Reference Example 4, 3.00 g, 7.63 mmol) 
was treated with 3-airdno-1,1,1-trifIuoroU-phenyl-2-butanol (title compound in Reference Example 1, 1.76 g, 8.03 
mmd), WSCI hydrochloride (1.76 g, 9.18 mmol) and HOBT (2.06 g. 15.2 mmol) in DMF (25 mL) to give 4.23 g 
(93%) of the target compound as colorless crystals. 

30 mp 232-234°C 

1 H-NMR (500MHz, DMSO-d 6 ) 6 8.82 (s, 1H), 8.41 (s, 1H), 8.33 (d, J = 8.6 Hz, 1H), 7.44 (d, J = 7.2 Hz, 2H), 
7.39 (t J = 7.2 Hz, 2H), 7.33 (t, J = 7.2 Hz, 1H), 7.26 (d, J = 8.1 Hz, 2H), 7.17-7.24 (m, 5H), 7.1 1 (dd, J = 7.7, 
2.2 Hz, 2H), 6.71 (d, J = 6.8 Hz, 1H), 5.18 (s, 2H), 4.43 (d, J= 16.4 Hz, 1H), 4.23 (d, J = 16.4 Hz, 1H), 4.09 (m, 
1H), 3.91 (m, 1H), 2.93 (dd, J = 14.2. 2.8 Hz, 1H), 2.75 (dd, J = 14.2, 10.4 Hz. 1H). 2.37 (s, 3H) 

35 IR (KBr) 3370, 3260, 1705, 1660, 1600, 1525, 1500 cm -1 

(2) The hydroxy compound obtained above (3.00 g, 5.05 mmol) was treated with WSCI hydrochloride (9.67 g, 50.4 
mmol) and dichloroacetic add (1.6 mL, 19 mmol) in a mixed solution of DMSO (25 mL) and toluene (25 mL) to give 
2.34 g (78%) of the title compound as colorless crystals. 

40 

mp173-175°C 

1 H-NMR (500MHz, DMSOd 6 +D2O) 6 8.38 (s, 1H), 7.44 (d, J = 7.1 Hz, 2H), 7.40 (t, J = 7.1 Hz, 2H), 7.34 (t, J 
= 7.1 Hz, 1H), 7.13-7.22 (m. 9H), 5.18 (s. 2H). 4.40 (d, J = 16.4 Hz, 1H), 4.22-4.33 (m, 2H), 3.13 (dd, J = 14.2. 
2.2 Hz. 1H). 2.60 (dd, J = 14.2, 11.4 Hz, 1H), 2.38 (s, 3H) 
45 IR (KBr) 3300, 1725, 1655, 1605. 1520. 1500 cm" 1 

MS (CI, positive) m/z 593 (MH + ) 

Example 6 

50 Synthesis of 2-[5-amino-6-oxo-2-(p-toiyl)-1 ,6-dihydro-1 -pyrimidyl]-N-(1 -benzyl-3 ( 3,3-trif luoro-2-oxopropyl)acetamide. 

To a mixed solution of the title compound in Example 5 (500 mg, 0.844 mmol) in methanol (20 mL) and formic add 
(1 .0 mL) was added 1 0% palladium carbon (1 99 mg) under a nitrogen atmosphere. The resulting mixture was stirred at 
room temperature for 14 h. Palladium carbon was removed by filtration and washed with ethanol. The filtrate was con- 
55 centrated, added to saturated aqueous sodium hydrogencarbonate solution (50 mL), and then extracted with ethyl ace- 
tate. The extract was washed with saturated brine and the solvent was evaporated under reduced pressure. The 
residue obtained was separated and purified by silica gel column choomatography (chlorofbrm-methanol, 95:5) to give 
235 mg (61%) of the title compound as colorless crystals. Recrystallization thereof from chloroform afforded 152 mg of 
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colorless crystals, 
mp 200-203°C 

1 H-NMR (500MHz, DMSO-d 6 +D 2 O) 6 7.31 (s, 1H) P 7.09-7.22 (m, 9H), 4.36 (d, J = 16.3 Hz, 1H), 4.20-4.28 (m, 
s 2H), 3.13 (dd, J = 14.2, 2.4 Hz, 1H), 2.62 (dd, J = 14.2, 11.4 Hz, 1H), 2.36 (s, 3H) 

IR (KBr) 3410, 3290, 1640. 1620, 1550 cm' 1 
MS (CI, positive) m/z 459 (MH + ) 

Example 7 

w 

Synthesis of 2-[5HDenzyloxycarbonylamino-6-oxo-2-(m-tolyl)- 1 ,6-dihydro- 1 -pyrimidyl] -N-(1 -benzyl-3 ( 3,3-trif luoro-2-oxo- 
propyl)acetamide. 

(1) 2-[5-Benzyloxycarbonylamino-6-oxo-2-(m-tolyl)-1 ,6-dihydro-1 -pyrimidyl]-N-(1 -benzyl-3,3.3-trifluoro-2-hydroxy- 
15 propyl)acetamide was synthesized in the same manner as in Example 1 . That is, 2-[5-benzyioxycarbonylamino-6- 

oxo-2-(m-tolyl)-1,6-dihydro-1iayrimidinyl]acetic acid (title compound in Reference Example 5, 3.00 g, 7.63 mmol) 
was treated with 3-amino-1 ,1,1 -trif luoro-2-phenyl-2-butanol (title compound in Reference Example 1, 1.76 g, 8.03 
mmol), WSCI hydrochloride (1.76 g, 9.18 mmol) and HOBT (2.06 g, 15.2 mmol) in DMF (25 mL) to give 4.54 g 
(100%) of the target compound as colorless crystals. 

20 

mp 235-237°C 

1 H-NMR (500MHz f DMSO-dfe ) 6 8.84 (s, 1H), 8.42 (s, 1H), 8.37 (d, J = 8.5 Hz, 1H), 7.44 (d, J = 7.2 Hz, 2H) t 
7.39 (t, J = 7.2 Hz, 2H), 7.32-7.36 (m, 2H), 7.24-7.28 (m, 2H), 7.14-7.23 (m, 4H), 7.1 1 (d. J = 6.4 Hz, 2H), 6.74 
(s, 1H), 5.19 (s, 2H), 4.40 (d, J = 16.4 Hz, 1H), 4.30 (d, J = 16.4Hz, 1H), 4.04 (m, 1H), 3.90 (m, 1H), 2.91 (dd, 
25 J » 14.2, 2.9 Hz, 1H). 2.77 (dd, J = 14.2, 10.1 Hz, 1H) ( 2.30 (s, 3H) 

IR (KBr) 3450, 3360. 3280, 3090, 2950, 1705, 1660. 1600. 1555. 1520 cm' 1 

(2) The hydroxy compound obtained above (3.00 g, 5.05 mmol) was treated with WSCI hydrochloride (9.67 g, 50.4 
mmol) and dichloroacetic acid (1 .6 mL, 19 mmol) in a mixed solution of DMSO (25 mL) and toluene (25 mL) to give 

30 2.24 g (75%) of the title compound as colorless crystals. 

mp 128-132°C 

1 H-NMR (500MHz, DMSO-de +D 2 0) 6 8.39 (s, 1 H), 7.44 (d, J « 7.1 Hz, 2H),7.40 (t, J = 7.1 Hz, 2H), 7.31-7.37 
(m, 2 H), 7.23 (t, J = 7.6 Hz, 1H). 7.13-7.21 (m, 6H), 7.08 (d. J = 7.6 Hz, 1 H), 5.19 (s. 2H). 4.40 (d, J = 16.2 Hz, 
35 1H), 4.33 (d, J « 16.2 Hz, 1H), 4.20 (dd, J = 11.2, 2.2 Hz, 1H), 3.11 (dd, J = 14.2, 2.2 Hz, 1H), 2.60 (dd, J = 

14.2, 11.2 Hz, 1H), 2.30 (s, 3H) 
IR (KBr) 3300, 2960, 1690, 1660, 1615, 1515 cm" 1 
MS (CI, positive) m/z 593 (MH + ) 

40 Example 8 

Synthesis of 2-[5-amino-6-oxo-2-(m-tolyl)-1 ,6-di hydro- 1 -pyrimidyl]- N-(1 -benzyl-3,3,3-trifluoro-2-oxopropy1)acetamide. 

The title compound was synthesized in the same manner as in Example 2. That is, the title compound in Example 
45 7(1 .28 g, 2.1 6 mmol) was reacted under a hydrogen atmosphere in the presence of 1 0% palladium carbon (460 mg) 
in a mixed solution of ethanol (20 mL), THF (20 mL) and 1 N hydrochloric acid (0.4 mL) to give 330 mg (33%) of the title 
compound as pale-yellow crystals. 

mp 177-1 81 °C 

50 1 H-NMR (500MHz, DMSO-d 6 +D 2 0) 6 7.34 (s, 1 H), 7.30 (d, J = 7.7 Hz, 1 H),7.22 (t, J = 7.7 Hz, 1 H), 7.10-7.21 (m, 
6H), 7.02 (d, J » 7.7 Hz, 1H), 4.39 (d, J * 16.2 Hz, 1H), 4.31 (d. J « 16.2 Hz, 1H), 4.21 ((dd, J o 11.3, 2.3 Hz, 1H), 
3.12 (dd, J = 14.1, 2.3 Hz, 1H), 2.61 (dd, J = 14.1, 11.3 Hz, 1H), 2.29 (s, 3H) 
IR (KBr) 3410, 3360, 1650, 1615, 1540, 1520 cm" 1 
MS (CI, positive) m/z 459 (MH + ) 

55 
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Example 9 

Synthesis of 2-[5-benzyloxycarbonylamino-2-(4-f luorophenyi)-6-axo-1 ,6-dihydro-1 -pyrimidinyl]-N-[1 (S)-ben2yl-3,3-drf- 
luoro-2^xo-3-[N-(benzyl)carbairuDy!]propy0acetamida 

(1) 2-[5-Benzy1oxyc»rbonylamino-2-(4-f luorophenyl)-6-oxo-1 ,6-dihydro-1 -pyrimidiny!]-N-[1 (S)-benzyl-3,3-dif luoro- 
2(R)-hydroxy-3-[N-(benzy0carbarnoyf]propyl]acetarriide was synthesized in the same manner as in Example 1. 
That is, 2-[54)enzylc»cycajt)ortylamino-2-(4-^ acid (title com- 
pound in Reference Example 3, mixture with benzyl alcohol, 380 mg, 0.897 mmol) was treated with N-[4(S)-amino- 
2,2-difluoro-3(R)-hydroxy-5-phenylpentanoyl]benzy1amine (title compound in Reference Example 6: 300 mg, 0.897 
mmol), HOBT (242 mg, 1.79 mmol) and WSCI hydrochloride (206 mg, 1.08 mmol) in dichloromethane (30 mL) to 
give 590 mg (92%) of the target compound as colorless crystals. 

mp 223-224°C 

1 H-NMR (200MHz, DMSO-de ) 5 9.01 (m, 1H), 8.83 (s, 1H), 8.44 (s f 1H), 8.17 (d, J = 8.9 Hz f 1H), 7.55-7.17 
(m, 19H), 6.40 (d, J = 7.1 Hz, 1 H), 5.18 (s, 2H), 4.50-3.80 (m, 6H), 2.82-2.49 (m, 2H) 
IR (KBr) 3400, 3280, 1720. 1650, 1605, 1525, 1500 cm' 1 

(2) The hydroxy compound obtained above (390 mg, 0.550 mmol) was treated with WSCI hydrochloride (1.09 g, 
5.69 mmol) and dichloroacetic acid (0.176 mL, 2.13 mmol) in a mixed solution of DMSO 

(3 mL) and toluene (3 mL) to give 262 mg (67%) of the title compound as a colorless solid. 

mp185-186°C 

1 H-NMR (200MHz, DMSO-dg +D 2 0) 6 8.43 (s, 1H), 7.47-7.12 (m, 19 H), 5.18 (s, 2H), 4.52-4.24 (m f 6H), 3.14 
(dd. J = 14.3, 3.9 Hz, 1H), 2.59 (dd, Jo 14.3, 9.7 Hz, 1H) 
IR (KBr) 3370, 1730, 1640. 1600, 1520 cm -1 
MS (CI, positive) m/z 712 (MH + ) 

Example 10 

Synthesis of 2-[5-amino-2-(4-f luorophenyl)-6-axo-1 .6-dihydro-1 -pyrimidinyQ-N-{1 (S)-benzyl-3,3-dif luoro-2-oxo-3-[N- 
(benzyl)canbamoy[]propyl]acetamide. 

To a mixed solution of the title compound in Example 9 (150 mg, 0.210 mmol) in THF (5 ml) and methanol (3 ml) 
was added 10% palladium carbon (60 mg) and formic acid (0.3 mL) under a nitrogen atmosphere. The resulting mixture 
was stirred for 48 h. The catalyst was removed by filtration and washed with THF. The residue obtained by concentration 
of the filtrate was separated and purified by silica gel column chromatography (chloroform-methanol, 90:1 0), and further 
by preparative TLC (chloroform-methanol, 90:10) to give 20.0 mg (16%) of the title compound as a pale-yellow solid. 

mp 90-91 °C 

1 H-NMR (200MHz, CDCI 3 ) 5 7.47 (s, 1 H), 7.38-6.96 (m, 14H), 5.24 (m, 1H), 4.57-4.22 (m, 4H), 3.50-3.23 (m, 1H), 
3.00-2.77 (m, 1H), 1.59 (brs, 2H) 

IR (KBr) 3300, 3050, 2920, 1750, 1650, 1605. 1540. 1510 cm' 1 
MS (CI, positive) m/z 578 (MH + ) 

Example 11 

Synthesis of 2-(3-benzyloxycarbonylamino-5-benzyl-2-oxo-1 ,2-di hydro- 1 -pyridyl)-N-(1 -benzyl-3,3,3-trif luoro-2-oxopro- 
pyQacetamide. 

(1) 2-(3-Benzyloxycarbonylamino-5-benzyl-2-oxo-1 ,2-dihydro-1 -pyridyl)-N-(1 -benzyl-3,3,3-trifluoro-2-hydroxypro- 
pyQacetamide was synthesized in the same manner as in Example 1 . That is, 2-(3-benzyloxycarfoonylamino-5-ben- 
zyl-2-oxo-1 l 2-dthydro-1-pyridyl)acetic acid (title compound in Reference Example 7, 380 mg, 0.968 mmol) was 
treated with 3-amino-1,1,1-trifluoro-4-phenyl-2-butanol (title compound in Reference Example 1, 249 mg, 1.14 
mmd), WSCI hydrochloride (277 mg, 1.45 mmol) and HOBT (158 mg, 1.17 mmol) in DMF (10 mL) to give 428 mg 
(74%) of the target compound as a slightly yellow solid. 

1 H-NMR (200MHz, DMSO-d 6 ) 5 8.38 (d, J = 8.5 Hz, 1H), 8.29 (s, 1H), 7.68 (d, J = 2.1 Hz, 1H), 7.45-7.08 (m, 
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15H). 7.00 (d. J a 2.0 Hz. 1H). 6.70 (d. J = 4.8 Hz, 1H). 5.12 (s. 2H). 4.56. 4.39 (AB-q, J = 15.7 Hz, 2H), 4.11 
(m, 1H), 3.98 (m f 1H), 3.66 (s, 2H), 2.97 (m, 1H) ( 2.76 (dd, J = 14. 0, 10.3 Hz, 1H) 
IR (KBr) 3300, 1720, 1650, 1590, 1510 cnV 1 

s (2) The hydroxy comp und obtained above (407 mg, 0.686 mmol) was treated with WSCI hydrochloride (1.31 g. 
6.83 mmol) and dichloroacetic acid (0.23 mU 2.8 mmol) in a mixed solution of DMSO (5.2 mL) and toluene (10 mL) 
to give 1 18 mg (29%) of the title compound as a colorless solid. 

mp 127-130°C 

10 1 H-NMR (500MHz, DMSOde +D 2 O) 5 7.65 (d, J = 2.0 Hz, 1H), 7.41-7.08 (m, 15H), 6.75 (d. J = 2.1 Hz. 1H), 

5.12 (s, 2H), 4.59, 4.38 (AB-q, J = 15.7 Hz. 2H), 4.26 (m, 1H), 3.63 (s, 2H), 3.11 (dd, J = 13.8, 2.5 Hz, 1H). 2.65 
(dd, J = 13.7, 11.5 Hz, 1H) 
IR (KBr) 3300, 1720, 1655, 1595, 1510 cm' 1 
MS (CI. positive) m/z 592 (MH + ) 

is 

Example 12 

Synthesis of 2-(3-amino-5-benzyl-2-oxo-1 ,2-dihydro-1-pyridyl)-N-(1 -benzyl-S.S.S-trrfluao^-axopropylJacetamide. 

20 The title compound was synthesized in the same manner as in Example 2. That is, the title compound in Example 
1 1 (78.6 mg, 0.133 mmol) was reacted under a hydrogen atmosphere in the presence of 10% palladium carbon (22.9 
mg) in a mixed solution of 1 ,4-dioxane (2 mL) and 1 N hydrochloric acid (0.4 mL) to give 39.0 mg (64%) of the title com- 
pound as a pale-yellow solid. 

25 mp 77-81 °C 

1 H-NMR (500MHz. DMSO-d 6 +D 2 O) 6 7.35-7.07 (m, 12H), 4.52. 4.27 (ABkj.J = 15.4 Hz. 2H). 4.31-4.21 (m, 1H), 
3.50 (s, 2H), 3.11 (dd, J = 13.8, 2.5 Hz, 1H), 2.64 (dd, J = 13.8, 11.6 Hz. 1H) 
IR (KBr) 3250, 1650, 1580, 1530 cm -1 
MS (CI, positive) m/z 458 (MH + ) 

30 

Example 13 

Synthesis of 2-(3-benzylcocycarbonylamino-2-oxo-6-phenyl-1 ,2-dihydro-1 -pyridyl)-N-(1 -benzyl-3,3,3-trif luoro-2-oxopro- 
pyl)acetamide. 

35 

(1) To a suspension of 3-benzyloxycarbonylamino-6-phenylpyrid-2-one (title compound in Reference Example 9, 
3.20 g, 10.0 mmol) in DMF (90 mL) was added sodium hydride (60% in oil, 462 mg, 1 1 .6 mmol). The resulting mix- 
ture was stirred at room temperature for 20 rrtin. N-tl-Benzyl^-ftert-butyldimethylsilyOoxy-S.S.S-trifluoropropyll^- 
iodoacetamide (title compound in Reference Example 8, 5.77 g, 11.5 mmol) was added, and the mixture was 

40 stirred at room temperature for 13 h. 2N Hydrochloric acid (100 mL) was added and the resulting mixture was 
poured into 2N hydrochloric acid (200 mL), and then extracted with ethyl acetate. The extract was washed with 
water and saturated brine, dried over anhydrous magnesium sulfate, and concentrated under reduced pressure. 
The residue was separated and purified by silica gel column chromatography (dichloromethane-ethyl acetate, 99:1) 
to give 2.49 g (36%) of 2-(3-berttyloxycarbonylamino-2-oxo-6-ph 

45 butyldimethylsilyl)oxy-3,3,3-trif luoropropyljacetamide as a colorless amorphous. 

1 H-NMR (500MHz, DMSOde ) 6 8.42 (s, 1H), 8.18 (d, J = 7.4 Hz, 1H). 7.88 (d, J = 7.6 Hz, 1H), 7.43-7.48 (m, 
3H), 7.32-7.41 (m, 5H), 7.30 (d, J * 7.1 Hz, 2H), 7.25 (t, J * 6.8 Hz, 2H), 7.21 (t, J o 6.8 Hz, 1H), 7.13 (d. J = 
6.8 Hz, 2H), 6.18 (d, J = 7.6 Hz, 1H), 5.19 (s, 2H), 4.38 (d, J = 16.3 Hz, 1 H), 4.32 (d, J = 16.3 Hz, 1H), 4.22 (m, 
so 1H), 4.08 (m, 1H), 2.92 (dd, J = 14.9, 2.4 Hz, 1H), 2.70 (dd, J = 14.9, 11.2 Hz, 1H), 0.90 (s, 9H). 0.07 (s, 6H) 

IR (KBr) 3400, 2920, 1720, 1670, 1640. 1600, 1510 cm" 1 

(2) To a solution of the target compound in step (1) (2.00 g, 2.88 mmol) in THF (1 5 mL) was added a solution (1 .0 
M, 3.5 mL, 3.5 mmol) of tetrabutylammonium fluoride in THF. The resulting mixture was stirred at room temperature 

55 for 5 h, poured into water (100 mL), and then extracted with ethyl acetate. The extract was washed with saturated 
brine, dried over anhydrous magnesium sulfate, and concentrated under reduced pressure. The residue was sep- 
arated and purified by silica gel column chromatography (chloroform-methanol, 98:2) to give 1 .30 g (78%) of 2-(3- 
benzy!oxycarbonylamino-2-oxo-6-phenyl-1 ,2-dihydro-1 -pyridyl)-N-[1 -benzyl-3,3,3-trif luoro-2-hydraxypropyl]aceta- 
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mide as a colorless solid. 

1 H-NMR (500MHz, DMSO-d 6 ) 5 8.43 (s, 1H), 8.22 (d, J = 8.6 Hz, 1H), 7.88 (d. J = 7.6 Hz, 1 H), 7.43-7.48 (m. 
3H), 7.32-7.42 (m, 5H), 7.29 (d, J = 7.1 Hz, 2H), 7.17-7.23 (m, 3H), 7.11 (dd t J « 7.3, 1.8 Hz, 2H) f 6.67 (d, J = 
5 7.0 Hz f 1H), 6.17 (d, J = 7.6 Hz, 1H), 5.19 (s, 2H), 4.38 (d, J =16.2 Hz, 1H), 4.20 (d, J = 16.2 Hz, 1H), 4.06 (m, 

1H), 3.91 (m, 1H), 2.90 (dd, J = 14.2, 2.9 Hz, 1H), 2.76 (eld, J = 14.2, 10.5 Hz, 1H) 
IR (KBr) 3350, 3270, 1720, 1660, 1640, 1590, 1555, 1515 cm" 1 

(3) The hydroxy compound obtained above (1 .20 g, 2.07 mmol) was treated with WSCI hydrochloride (3.97 g, 20.7 
10 mmol) and dichloroacetic acid (0.65 mL, 7.9 mmol) in a mixed solution of DMSO (10 mL) and toluene (10 mL) to 
give 290 mg (24%) of the title compound as colorless crystals. 

mp 178-1 81 °C 

1 H-NMR (500MHz, DMSO-de +D 2 0) 6 7.89 (d, J = 7.7 Hz, 1H). 7.47 (t, J « 7.5 Hz, 1H), 7.33-7.45 (m, 7H). 
15 7.13-7.23 (m, 7H), 6.19 (d, J = 7.7 Hz, 1 H), 5.20 (s, 2H), 4.32 (s, 2H), 4.23 (dd, J = 1 1 .5, 2.3 Hz, 1H), 3.1 1 (dd, 

J = 14.1, 2.3 Hz, 1H), 2.60 (dd, J = 14.1, 11.5 Hz, 1H) 
IR (KBr) 3380, 3270, 1720, 1665. 1640, 1600, 1515 crrf 1 
MS (CI, positive) m/z 578 (MH + ) 

20 Example 14 

Synthesis of 2-(3-amino-2-oxo-6-phenyl-1 ,2-dihydro-1 -pyridyl)-N-(1 -benzyl-3,3,3-trif luoro-2-oxopropyl)acetamide. 

The title compound was synthesized in the same manner as in Example 2. That is. the title compound in Example 
25 1 3 (79.5 mg, 0.1 38 mmol) was reacted under a hydrogen atmosphere in the presence of 1 0% palladium carbon (20 mg) 
in ethanol (5 mL) to give 40 mg (65%) of the title compound as pale-brown crystals. 

mp 197-200°C 

1 H-NMR (500MHz, DMSO-d 6 +D 2 O +TFA«J 4 ) 5 7.64 (d. J = 7.5 Hz, 1H), 7.53 (t. J = 7.5 Hz. 1H). 7.40 (t, J = 7.5 
30 Hz, 2H), 7.17-7.27 (m, 7H), 6.25(d, J = 7.5 Hz, 1H), 4.39 (AB-q, J » 16.7 Hz, 2H),4.27 (m, 1H), 3.17 (dd, J = 13.9, 
2.5 Hz, 1H), 2.64 (dd. J » 13.9, 11.5 Hz, 1H) 
IR (KBr) 3300, 1655, 1625, 1585, 1510 cm* 1 
MS (CI. positive) m/z 444 (MH + ) 

35 Example 15 

Synthesis of 2-(3-benzyloxycarbonylamino-2-Qxo-5-phenyI-1 ,2-dihydro-1 -pyridyl)-N-(1 -benzyl-3,3,3-trifluoro-2-oxopro- 
pyf)acetamide. 

40 (1) 2-(3-Benzyioxycarbonylamino-5-iodo-2-oxo-1 ,2-dihydro-1 -pyridyl)-N-[1 -benzyl-2-(tert-butyldimethylsilyl)Qxy- 
3,3,3-trHluoropropyl]acetamide was synthesized in the same manner as in Example 13. That is, 3-benzylaxycarb- 
onylamino-5-iodopyrid-2-one (an intermediate in Reference Example 7, 7.40 g, 20.0 mmol) was treated with 
sodium hydride (60% in oil, 924 mg, 23.1 mmol) in DMF (170 mL), and then with N-[1-benzyl-2-(tert-butyldimethyl- 
silyl)oxy-3,3,3-trifluoropropyl]-2-iodoacetamide (title compound in Reference Example 8, 1 1 .0 g, 21 .9 mmol) to give 

45 1 3.2 g (88%) of the target compound as a pale-brown amorphous. 

1 H-NMR (500MHz, DMSOd 6 ) 6 8.51 (s, 1H), 8.34 (d, J = 7.7 Hz, 1H), 7.98 (d, J = 2.2 Hz, 1H), 7.48 (d, J = 2.2 
Hz, 1H), 7.43 (d, J - 7.1 Hz, 2H), 7.38 (t, J = 7.1 Hz, 2H), 7.33 (t, J = 7.1 Hz, 1H), 7.30 (t, J - 7.4 Hz, 2H), 7.18- 
7.25 (m, 3H), 5.17 (s, 2H), 4.53 (AB-q, J = 15.8 Hz, 2H), 4.29 (m, 1H), 4.1 1 (m, 1H), 2.97 (dd, J = 14.5, 2.1 Hz, 
so 1H), 2.73 (dd, J = 14.5, 1 1.2 Hz, 1H), 0.93 (s, 9H), 0.22 (s, 3H), 0.12 (s, 3H) 

IR (KBr) 3350, 2920, 1720, 1665, 1630, 1585, 1505 cm* 1 

(2) A mixture of the target compound in step (1) (5.22 g, 7.02 mmol), THF (15 mL), tetrakis(triphenylphosphine)pal- 
ladium (1 .62 g, 1.40 mmol), a solution of phenylboric acid (1.71 g. 14.0 mmol) in ethanol (40 mL) and 2 M aqueous 
55 sodium carbonate solution (40 mL) was stirred at 90°C for 4 h. The resulting mixture was poured into water (100 
mL), and then extracted with ethyl acetate. The extract was washed with saturated brine, dried over anhydrous 
magnesium suHat , and concentrated under reduced pressur . The residue was separated and purified by silica 
gel column chr matography (hexane-ethyi acetate, 7525) to give 4.62 g (95%) of 2-(3-benzyloxycarbonylamino-2- 
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oxo-5-phenyl-1 ,2-dihydro-1-pyridyl)-N-[1 ^enzyl-2-(tert-butyldim0thylsilyl)oxy-3,3,3-trifluoropropyOacetaniide as a 
pale-brown amorphous. 

1 H-NMR (500MHz, DMSO-d 6 ) 6 8.46 (S, 1 H), 8.36 (d, J = 7.8 Hz, 1 H), 8.21 (d, J = 2.4 Hz, 1 H), 7.55 (d, J = 2.4 
Hz, 1H), 7.42-7.48 (m, 6H), 7.39 (t, J = 7.1 Hz, 2H), 7.31-7.36 (m, 2H), 7.22-7.30 (m, 4H), 7.18 (t, J = 7.1 Hz, 
1H), 5.20 (s, 2H), 4.69 (d, J = 15.8 Hz, 1H), 4.61 (d, J = 15.8 Hz, 1H), 4.32 (m, 1H), 4.14 (m, 1H), 2.98 (dd, J 
= 14.5, 2.3 Hz, 1H), 2.74 (dd, J = 14.5, 11.2 Hz, 1H), 0.93 (s. 9H), 0.23 (s, 3H), 0.12 (s, 3H) 
IR (KBr) 3400, 2900, 1720, 1640, 1585, 1510 cm _1 

(3) 2-(3-Berayloxycarbonylairunc-2-w^ 

pyljacetamide was synthesized in the same manner as in Example 13. That is, the target compound in step (2) 
(4.18 g, 6.02 mmol) was treated with tetrabutyiammonium fluoride (7.3 mmol) in THF (30 mL) to give 3.37 g (97%) 
of the target compound as a pale-brown solid. 

1 H-NMR (500MHz, DMSO-d 6 ) 6 8.49 (s, 1 H), 8.44 (d, J = 8.7 Hz, 1H), 8.21 (d, J = 2.4 Hz, 1 H), 7.50 (d, J = 2.4 
Hz, 1H), 7.42-7.48 (m, 6H), 7.39 (t. J = 7.1 Hz, 2H), 7.31-7.36 (m, 2H), 7.22-7.28 (m, 4H), 7.16 (m, 1H), 6.70 
(d. J m 7.1 Hz, 1H), 5.20 (s, 2H), 4.68 (d, J - 15.7 Hz, 1H), 4.54 (d, J - 15.7 Hz, 1H), 4.13 (m, 1H), 4.00 (m, 
1H), 2.97 (dd, J = 13.9, 2.6 Hz, 1H), 2.79 (dd f J = 13.9, 10.5 Hz, 1H) 
IR (KBr) 3370, 3280, 3050, 2910, 1720, 1650, 1590, 1560, 1515 cm 1 

(4) The hydroxy compound obtained above (2.65 g, 4.57 mmol) was treated with WSCI hydrochloride (4.38 g, 22.8 
mmol) and dichloroacetic acid (0.19 mL, 2.3 mmol) in a mixed solution of DMSO (25 mL) and toluene (25 mL) to 
give 2.08 g (79%) of the title compound as pale-brown crystals. 

mp 147-151 °C 

1 H-NMR (500MHz, DMSO-d 6 +D 2 O) 6 8.17 (s. 1 H), 7.34-7.50 (m, 10H), 7.18-7.24 (m, 4H), 7.17 (d, J = 2.4 Hz, 
1H), 7.07 (t, J = 6.9 Hz, 1H), 5.20 (s, 2H), 4.72 (d, J = 15.7 Hz, 1H), 4.51 (d, J = 15.7 Hz t 1H) f 4.27 (dd f J = 
11.6, 2.6 Hz, 1H), 3.13 (dd. J « 13.6, 2.6 Hz, 1H), 2.65 (dd. J * 13.6, 11.6 Hz. 1H) 
IR (KBr) 3440, 3370, 3300, 1725, 1660, 1650, 1605, 1550, 1510 cm" 1 
MS (CI, positive) m/z 578 (MH + ) 

Example 16 

Synthesis of 2-(3-amino-2-oxo-5-phenyl-1,2-dihydro-1-pyridyl)-N-(1 -benzyl-3,3,3-trifluoro-2-oxopropyl)acetamide. 

The title compound was synthesized in the same manner as in Reference Example 2. That is, the title compound 
in Example 15 (878 mg, 1 .52 mmol) was reacted under a hydrogen atmosphere in the presence of 10% palladium car- 
bon (323 mg) in a mixed solution of ethanol (25 mL) and 1 N hydrochloric acid (0.2 mL) to give 451 mg (67%) of the title 
compound as colorless crystals. 

mp211-213°C 

1 H-NMR (500MHz, DMSO-dg +D 2 O ) 6 7.38-7.47 (m. 4H), 7.32 (t, J « 7.2 Hz. 1 H), 7. 1 7-7.27 (m, 4H), 7.09 (m, 1 H), 
6.84 (d. J = 2.2 Hz. 1H), 6.72 (d. J = 2.2 Hz. 1H), 4.66 (d. J = 15.6 Hz, 1H), 4.42 (d, J = 15.6 Hz, 1H). 4.26 (dd, J = 
11.5, 2.5 Hz, 1H), 3.12 (dd, J = 13.6, 2.5 Hz, 1H), 2.64 (dd, J = 13.6, 11.5 Hz, 1H) 
IR (KBr) 3300, 1665, 1635, 1580, 1535 cm" 1 
MS (CI, positive) m/z 444 (MH + ) 

Example 17 

Synthesis of 2-(3-benzyiaxycarbonylamino-2-oxo-1 ,2-dihydro- 1-pyridyl)-N-(1 -benzyl-3,3,3-trif luoro-2-oxopropyI)aceta- 
mide. 

(1) 2-(3-Benzyloxycaroonylamino-2-oxo-1,2-dir^ 

luoropropyQacetamide was synthesized in the same manner as in Example 13. That is, 3-benzyloxycarbonylami- 
nopyrid-2-one (an intermediate in Reference Example 7: 2.00 g, 8.19 mmol) was treated with sodium hydride (60% 
in oil, 365 mg, 9.13 mmol) in DMF (75 mL), and then with N-[1-benzyl-2-(tert-butyldimethylsilyl)oxy-3,3,3-trifluoro- 
propyO-2-iodoacetamide (title compound in Reference Example 8, 4.50 g, 8.97 mmol) to give 4.84 g (96%) of the 
target compound as a colorless amorphous. 
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1 H-NMR (500MHz, DMSO<l 6 ) 6 8.31 (d, J = 7.8 Hz, 1H), 8.29 (s, 1H). 7.82 (dd. J = 7.1, 1.7 Hz, 1H), 7.42 (d, 
J = 7.1 Hz, 2H), 7.38 (t, J = 7.1 Hz, 2H), 7.33 ft J = 7.1 Hz, 1H), 7.29 (t, J = 7.4 Hz, 2H), 7.18-7.25 (m f 3H), 
7.11 (dd, J = 7.1, 1.7 Hz, 1H), 6.22 (t, J = 7.1 Hz, 1H), 5.17 (s, 2H), 4.54 (AB-q, J = 15.7 Hz, 2H), 4.30 (m, 1H), 
4.13 (m, 1H), 2.98 (dd, J = 14.5. 2.3 Hz, 1H), 2.73 (dd. J = 14.5, 11.3 Hz. 1H). 0.93 (s, 9H), 0.22 (s, 3H), 0.12 
(s, 3H) 

IR (KBr) 3370, 2920, 2850, 1720, 1670, 1645, 1590, 1510 cm" 1 

(2) 2-(3-Benzyloxycarbony1amino-2-oxo-1 ,2<li hydro- 1 -pyridyl)-N-<1 -benzyl-3,3,3-trifluoro-2-hydraxypropyl)aceta- 
mide was synthesized in the same manner as in Example 1 3. That is, the target compound in step (1 ) (4.46 g, 7.22 
mmd) was treated with tetrabutylammonium fluoride (8.7 mmol) in THF (35 mL) to give 3.55 g (98%) of the target 
compound as a colorless solid. 

1 H-NMR (500MHz, DMSO<l 6 ) 6 8.39 (d, J = 8.7 Hz, 1H), 8.33 (s, 1H), 7.81 (dd, J = 6.9, 1 .7 Hz, 1H), 7.42 (d, 
J - 7.1 Hz, 2H), 7.38 (d, J - 7.1 Hz, 2H), 7.33 (t, J - 71 Hz. 1H), 7.27 (t, J - 7.1 Hz, 2H), 7.22 (d. J - 7.1 Hz, 
2H), 7.19 ft J = 7.1 Hz, 1H), 7.05 (dd, J = 6.9, 1.7 Hz, 1H), 6.68 (d, J = 7.1 Hz, 1H), 6.21 (t, J = 6.9 Hz, 1H), 
5.17 (s, 2H), 4.56 (d, J = 15.7 Hz, 1H), 4.43 (d, J = 15.7 Hz, 1H), 4.11 (m, 1H), 3.98 (m, 1H), 2.96 (dd, J = 14.1, 
2.8 Hz, 1H), 2.77 (dd. J » 14.1, 10.5 Hz, 1H) 
IR (KBr) 3360, 3280, 1720, 1665, 1645, 1595, 1555, 1510 cm -1 

(3) The hydroxy compound obtained above (1 .53 g, 3.04 mmol) was treated with WSCI hydrochloride (3.50 g, 1 8.3 
mmol) and dichloroacetic acid (0.15 mL, 1-8 mmol) in a mixed solution of DMSO (15 mL) and toluene (15 mL) to 
give 1 .21 g (79%) of the title compound as colorless crystals. 

mp113-117°C 

1 H-NMR (500MHz, DMSOk1 6 +D 2 O) 5 7.80 (dd, J - 7.1, 1.7 Hz. 1H), 7.37-7.43 (m, 4H), 7.34 (t, J - 6.9 Hz, 

1 H), 7.20-7.26 (m, 4H). 7.1 6 (t J = 6.8 Hz, 1 H). 6.81 (dd. J = 7 1 ( 1.7 Hz, 1 H), 6.21 (d, J = 7.1 Hz, 1 H), 5.17 (s, 

2H), 4.59 (d, J = 15.7 Hz, 1H), 4.40 (d, J = 15.7 Hz, 1H), 4.25 (dd, J = 11.5, 2.5 Hz, 1H), 3.12 (dd, J = 13.7, 2.5 

Hz, 1H), 2.65 (dd, J= 13.7, 11.5 Hz, 1H) 

IR (KBr) 3400, 3290, 1720, 1660, 1645. 1600, 1505 cm 1 

MS (CI, positive) m/z 502 (MH + ) 

Example 18 

Synthesis of 2-(3-amino-2-oxo-1 ,2-dihydro-1 -pyridyl)-N-(1 -benzyl-3,3,3-trif luorc-2-oxopropyl)acetamide. 

The title compound was synthesized in the same manner as in Example 2. That is, the title compound in Example 
1 7 (620 mg, 1 .24 mmol) was reacted under a hydrogen atmosphere in the presence of 1 0% palladium carbon (386 mg) 
in a mixed solvent of ethanol (25 mL) and 1 N hydrochloric acid (0.2 mL) to give 181 mg (40%) of the title compound as 
colorless crystals. 

mp 106-1 12°C 

1 H-NMR (500MHz, DMSO-dg +D 2 O ) 5 7.26 (t, J = 7.2 Hz, 2H), 7.17-7.24 (m, 3H), 6.52 (dd, J = 7.0, 1.5 Hz, 1H), 
6.37 (dd, J = 7.0. 1.5 Hz. 1H), 6.04 (t, J = 7.0 Hz. 1H). 4.53 (d. J = 15.5 Hz, 1H), 4.32 (d, J = 15.5 Hz, 1H). 4.26 (dd, 
J = 11.6, 2.5 Hz, 1H), 3.12 (dd, J = 13.7, 2.5 Hz, 1H), 2.64 (dd, J = 13.7, 11.6 Hz, 1H) 
IR (KBr) 3300, 1655, 1630, 1565 cm -1 
MS (CI, positive) m/z 368 (MH + ) 

Example 19 

Synthesis of 2-(5-benzyloxycarbonylamino-6-oxo-1 ,6-dihydro-1 -pyrimidyl)-N-(1 -benzyl-3,3,3-trifluoro-2-oxopro- 
pyQacetamide. 

(1) 2-(5-Benzyloxycarbonylamino-6-oxo-1 ,6-dihydro-1 -pyrimidyl)-N-(1 -benzyl-3,3,3-trif luoro-2-hydroxypro- 

pyl)acetamide was synthesized in the same manner as in Example 1. That i6, (5-benzyloxycarbonylamino-6-oxo- 
1,6-dihydro-1-pyrimidinyl)acetic acid (title compound in Reference Example 10, 1.20 g, 3.96 mmol) was treated 
with 3-amino-1,1,1-trHluoro-4-phenyl-2-butanol (title compound in Reference Example 1, 911 mg, 4.16 mmol), 
WSCI hydrochloride (912 mg, 4.76 mmol) and HOBT (1.07 g, 7.92 mmol) in DMF (15 mg to give 1.85 g (93%) of 
the target compound as col rless crystals. 
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mp 200-203°C 

1 H-NMR (500 MHz, DMSOdg) 6 8.77 (s, 1H), 8.52 (d, J = 8.7 Hz, 1H), 8.31 (s, 1H), 7.96 (s, 1H), 7.42 (d, J = 
7.1 Hz, 2H), 7.38 ft J = 7.1 Hz, 2H), 7.33 ft J = 7.1 Hz, 1H), 7.28 ft J = 7.4 Hz, 2H), 7.24-7.17 (m, 3H), 6.71 
(d, J = 7.1 Hz, 1H), 5.16 (s, 2H), 4.56 (d, J = 15.9 Hz, 1H), 4.48 (d, J = 15.9 Hz, 1H), 4.10 (m, 1H), 3.97 (m, 
5 1H), 2.96 (dd, J = 14.1, 2.6 Hz, 1H), 2.78 (dd, J = 14,1, 10.4 Hz, 1H) 

IR (KBr) 3300, 1720. 1660, 1610, 1520 cm' 1 

(2) The hydroxy compound obtained above (1 .30 g, 2.58 mmol) was treated with WSCI hydrochloride {2.46 g, 12.8 
mmol) and dichloroacetic acid (0.43 mL, 5.2 mmol) in a mixed solution of DMSO (12 ml_) and toluene (12 mL) to 
w give 722 mg (56%) of the title compound as colorless crystals. 

mp 132-134°C 

1 H-NMR (500 MHz, DMSO-ds+D 2 0) 6 8.28 (s, 1H), 7.73 (s, 1H), 7.43-7.37 (m, 4H), 7.34 ft J = 7.0 Hz, 1H), 
7.27-7.20 (m. 4H), 7.16 ft J - 6.8 Hz, 1H), 5.16 (s, 2H). 4.59 (d, J - 16.0 Hz, 1H), 4.46 (d, J « 16.0 Hz, 1H), 
15 4.23 (dd, J = 1 1 .4, 2.5 Hz, 1 H), 3.13 (dd, J = 13.8, 2.5 Hz, 1 H), 2.65 (dd, J = 13.8, 1 1 .4 Hz, 1 H) 

IR (KBr) 3360, 1655, 1615, 1520 cm -1 
MS (CI, positive) m/z 503 (MH + ) 

Example 20 

20 

Synthesis of 2-(5-amino-6-oxo-1 ,6-dihydro-l -pyrimidyl)-N-(1 -benzyl-3 ( 3,3-trif luoro-2-oxopropyi)acetamide. 

The title compound was synthesized in the same manner as in Example 6. That is, the title compound in Example 
1 9 (385 mg, 0.766 mmol) was treated with formic acid (0.3 mL) and 1 0% palladium carbon (165 mg) in methanol (6 mL) 
25 to give 1 00 mg (35%) of the title compound as colorless crystals. 

mp 129-1 31 °C 

1 H-NMR (500 MHz, DMSO-d6+D 2 0) 6 7.28 (s, 1H). 7.27-7.21 (m, 4H), 7.18-7.14 (m, 2H), 4.53 (d, J = 15.9 Hz. 1H). 
4.37 (d, J = 15.9 Hz, 1H). 4.23 (dd. J = 11.5, 2.4 Hz, 1H), 3.12 (dd, J = 13.7, 2.4 Hz, 1H), 2.65 (dd, J = 13.7, 11.5 
30 Hz, 1H) 

IR (KBr) 3430, 3270, 3060, 1680, 1650, 1610, 1550 cm" 1 
MS (CI, positive) m/z 369 (MH + ) 

Example 21 

35 

Synthesis of 2-(5-benzyloxycarbonyiamino-2-methyl-6-oxo-1 ,6-dihydro-1 -pyrimidinyl)-N-(1 -benzyl -3,3, 3-trifluoro-2- 
oxopropyl)acetamide. 

(1) 2-(5-Benzyloxycaibonylamino-2-methyI-6-oxo-1 ,6-dihydro-l -pyrimidyl)-N-(1 -benzyl-3,3,3-trif luoro-2-hydroxy- 
40 propyQacetamide was synthesized in the same manner as in Example 1. That is, (5-benzyloxycarbony1amino-2- 

methyl-6-oxo-1,6-dihydro-1-pyrimidinyl)acetic acid (title compound in Reference Example 11, 3.00 g, 9.45 mmol) 
was treated with 3-amino-1 ,1,1 -trif luoro-4-phenyl-2-butanol (title compound in Reference Example 1 , 2. 1 7 g, 9.90 
mmol), WSCI hydrochloride (2.17 g, 11.3 mmol) and HOBT (2.56 g, 18.9 mmol) in DMF (30 mL) to give 4.44 g 
(91%) of the target compound as a colorless solid. 

45 

1 H-NMR (500 MHz, DMSO-d 6 ) 5 8.63 (s. 1H), 8.46 (d. J = 9.1 Hz, 1H), 8.17 (s, 1H), 7.43-7.35 (m, 4H). 7.32 (t, 
J = 7.0 Hz, 1H), 7.27 ft J = 7.4 Hz, 2H), 7.23-7.17 (m, 3H), 6.72 (d, J = 7.3 Hz, 1H), 5.14 (s, 2H), 4.73(d, J = 
16.9 Hz, 1H), 4.39 (d, J = 16.9 Hz. 1H), 4.19 (m, 1H), 3.98 (m, 1H), 3.04 (dd, J = 13.8. 2.7 Hz, 1H), 2.70 (dd, 
J = 13.8, 1 1 .2 Hz, 1 H), 1 .99 (s, 3H) 
50 IR (KBr) 3380, 3280, 1725. 1665, 1615, 1515 cm -1 

(2) The hydroxy compound obtained above (3.00 g, 5.79 mmol) was treated with WSCI hydrochloride (5.55 g, 28.9 
mmol) and dichloroacetic acid (1 .0 mL, 12 mmol) in a mixed solution of DMSO (25 mL) and toluene (25 mL) to give 
2.45 g (82%) of the title compound as colorless crystals. 

55 

mp 115-118°C 

1 H-NMR (500 MHz, DMSOde+DgO) 6 8.14 (s, 1H). 7.42-7.36 (m, 4H), 7.33 (t. J = 6.8 Hz, 1H), 7.27-7.21 (m, 
4H), 7.16 (m, 1H), 5.14 (s, 2H), 4.79 (d, J = 16.9 Hz, 1H), 4.40-4.30 (m, 2H), 3.15 (dd, J = 13.5, 2.5 Hz, 1H), 
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2.64 (dd. J = 13.5, 12.1 Hz, 1H) t 1.87 (s. 3H) 
IR (KBr) 3300, 1690, 1645. 1610, 1525 cm" 1 
MS (CI, p sitive) m/z 517 (MH + ) 

s Example 22 

Synthesis of 2-(5-amino-2-methyl-6-oxo-1 ,6-dihydro-1-pyrimidyl)-N-(1-benz^ 

The title compound was synthesized in the same manner as in Example 6. That is, the title compound in Example 
10 21 (1 .42 g, 2.75 mmol) was treated with formic acid (1 .0 mL) and 10% palladium carbon (583 mg) in methanol (20 mL) 
to give 435 mg (41%) of the title compound as colorless crystals. 

mp117-120°C 

1 H-NMR (500 MHz. DMSO^ig+DaO) 5 7.27-7.21 (m, 4H). 7.17 (m, 1H), 7.10 (s, 1H), 4.77 (d, J - 16.8 Hz, 1H), 4.36- 
15 4.28 (m, 2H) t 3.15 (dd, J = 13.6, 2.7 Hz, 1H), 2.64 (dd, J = 13.6, 12.1 Hz, 1H), 1.78 (s, 3H) 
IR (KBr) 3420, 3270, 1685, 1635, 1615, 1540 cm' 1 
MS (CI. positive) m/z 383 (MH + ) 

Example 23 

20 

Synthesis of 2-[5-benzyloxycarbonylamino-6-oxo-2-(o-tolyl)-1 ,6-dihydro-1 iayrimidinyl]-N-(1 -benzyl-3,3,3-trif luoro-2- 
oxopropyl)acetamide. 

(1) 2-{5-Benzyloxycarbonylamino-6-oxo-2-(o-tolyO-1 ,6-dihydro-1 -pyrimidyl]-N-(1 -benzyl-3,3,3-trif luoro-2-hydroxy- 
25 propyOacetamide was synthesized in the same manner as in Example 1. That is, [5-benzyloxycarbonylamino-6- 

oxo-2-(o-tolyl)-1.6-dihydro-1-pyrimidinyl]acetic acid (title compound in Reference Example 12, 1.20 g, 3.05 mmol) 
was treated with 3-amino-1 ,1 ,1-trifluoro-4-pheny1-2-butanol (title compound in Reference Example 1 , 709 mg, 3.23 
mmol), WSCI hydrochloride (701 mg, 3.66 mmol) and HOBT (824 mg. 6.10 mmol) in DMF (15 mL) to give 1.66 g 
(92%) of the target compound as colorless crystals. 

30 

mp 21 7-221 °C 

1 H-NMR (500 MHz, DMSOde) 6 8.87 (s, 0.5H), 8.86 (s, 0.5H), 8.43 (s, 1 H), 8.18 (d, J = 8.4 Hz, 0.5H), 8.14 (d, 
J = 8,6 Hz, 0.5H), 7.46-7.10 (m, 12H), 7.01 (m, 2H), 6.60 (m, 1H), 5.19 (s, 2H), 4.46 (d, J = 16.4 Hz, 0.5H), 4.26 
(d, J » 16.2 Hz, 0.5H), 4.15 (d, J = 16.2 Hz, 0.5H), 3.96 (m, 1.5H), 3.85 (m, 1H), 2.87 (m, 1H), 2.70 (m, 1H), 
35 2.12 (s, 1.5H), 2.02 (s, 1.5H) 

IR (KBr) 3370, 3270, 1700, 1660, 1605, 1515 cm- 1 

(2) The hydroxy compound obtained above (1 .30 g, 2. 1 9 mmol) was treated with WSCI hydrochloride (2.09 g, 1 0.9 
mmol) and dichloroacetic acid (0.36 mL, 4.4 mmol) in a mixed solution of DMSO (10 mL) and toluene (10 mL) to 

40 give 1 .30 g (1 00%) of the title compound as colorless crystals. 

mp127-129°C 

1 H-NMR (500 MHz, DMSO-d6+D 2 0) 6 8.40 (s, 1H). 7.45-7.38 (m, 5 H) 7.35 (t. J = 7.1 Hz. 1H), 7.30 (d, J = 7.6 
Hz, 1 H), 7.26-7.00 (m, 7H), 5.19 (s. 2H), 4.43 (d, J = 16.5 Hz, 0.5H), 4.33 (d, J = 16.0 Hz, 0.5H), 4.18-4.03 (m, 
45 2H), 3.07 (m, 1 H), 2.54 (m. 1 H), 2.07 (s. 1 .5H) f 1 .95 (s, 1 .5H) 

IR (KBr) 3380, 3250, 3040, 1725. 1680, 1640, 1605, 1510 cm" 1 
MS (CI, positive) rrvz 593 (MH + ) 

Example 24 

50 

Synthesis of 2-[5-amino-6-oxo-2-(o-tolyl)-1 ,6-dihydro-1 -pyrimidyl]-N-(1 -benzyl-3,3,3-trif luoro-2-oxopropyl)acetamide. 

The title compound was synthesized in the same manner as in Example 6. That is, the title compound in Example 
23 (742 mg, 1 .25 mmol) was treated with formic acid (0.4 mL) and 10% palladium carbon (271 mg) in methanol (8 mL) 
55 to give 41 0 mg (72%) of the title compound as a colorless amorphous. 

1 H-NMR (500 MHz, DMSO-d6+D 2 0) 6 7.40-6.95 (m, 10H), 4.40 (d. J = 16.5 Hz, 0.5H), 4.32 (d, J = 16.2 Hz, 0.5H), 
4.15-3.95 (m, 2H), 3.07 (m, 1H), 2.54 (m, 1H), 2.04 (s, 1.5H), 1.95 (s, 1.5H) 
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IR (KBr) 3400, 1655. 1605 crrV 1 
MS (CI, positive) m/z 459 (MH + ) 

Example 25 

Synthesis of 2-[5-benzyloxycarbonyIamino-2-(4-chlorophenyO-6-oxo-1 ,6-dihydro-1 -pyrimidyl]-N-(1 -benzyl-3, 3,3-trif- 
luoro-2-oxopropy))acetamide. 

(1) 245-Ben2ylaxycarbonylaiTiino-2-(4-chlorophenyl)-6-oxo-1 ,6-dihydro-1 i5yrimidyl]-N-{1-benzyl-3 ( 3,3-trifluoro-2- 
hydroxypropyf)acetamide was synthesized in the same manner as in Example 1. That is, [5-benzylaxycarbo- 
nylamino-2-(4-chlorophenyl)-6-oxo-1 ,6-dihydro-1 -pyrimidinyl]acetic acid (title compound in Reference Example 13, 
2.50 g, 6.04 mmol) was treated with 3-amino-1,1,1-trifluoro-4-phenyl-2-butanol (title compound in Reference 
Example 1 , 1.39 g, 6.34 mmol), WSCI hydrochloride (1.39 g, 7.25 mmol) and HOBT (1.63 g, 1.21 mmol) in DMF 
(20 mL) to give 372 g (1 00%) of the target compound as colorless crystals. 

mp 257-262°C 

1 H-NM R (500 MHz, DMSO-d 6 ) 5 8.88 (s, 1 H), 8.42 (s, 1 H), 8.33 (d, J « 8.6 Hz, 1 H), 7.45-7.37 (m, 8H), 7.34 (t. 
J = 7.1 Hz, 1H) P 7.23-7.18 (m, 3H), 7.09 (m t 2H), 6.71 (brs, 1H), 5.18 (s, 2H), 4.44 (d, J = 16.6 Hz, 1H) t 4.19 
(d, J = 16.6 Hz, 1H), 4.07 (m, 1H), 3.90 (m, 1H), 2.93 (dd, J = 14.1, 2.7 Hz, 1H), 2.72 (dd, J = 14.1, 10.5 Hz, 1H) 
IR (KBr) 3420, 3260, 1705, 1660, 1600, 1520 cm' 1 

(2) The hydroxy compound obtained above (2.71 g, 4.41 mmol) was treated with WSCI hydrochloride (4.23 g, 22.1 
mmol) and dichloroacetic acid (0.75 mL, 9.1 mmol) in a mixed solution of DMSO (25 mL) and toluene (25 mL) to 
give 2.53 g (94%) of the title compound as colorless crystals. 

mp 1 99-20 1°C 

1 H-NMR(500 MHz, DMSO-dg+DgO) 6 8.39 (s, 1H), 7.44 (d, J = 7.1 Hz, 2H), 7.42-7.30 (m, 7H), 7.20-7.12 (m, 
5 H), 5.18 (s, 2H), 4.41 (d, J = 16.8 Hz, 1H), 4.30-4.20 (m, 2H), 3.11 (dd, J « 14.1, 2.4 Hz, 1H), 2.59 (dd, J « 
14.1, 11.6 Hz, 1H) 
30 IR (KBr) 3370, 1730, 1640, 1600, 1515 cm 1 

MS (Cl ( positive) m/z 613, 615 (MH + ) 

Example 26 

35 Synthesis of 2-[5-amino-2-(4-chlorophenyl)-6-oxc-1 ,6-dihydro-1 -pyrimidyl]-N-(1-benzyl-3 p 3,3-trifluoro-2-oxopro- 
pyl)acetamtde. 

To a solution of the title compound in Example 25 (561 mg, 0.915 mmol) and anisole (0.32 mL, 2.9 mmol) in dichlo- 
romethane (12 mL) was added trifluoromethanesuHonic acid (0.50 mL, 5.7 mmol) under ice-cooling. The resulting mix- 
40 ture was stirred at 0°C-room temperature for 1 h. Saturated aqueous sodium hydrogencarbonate solution (12 mL) was 
added under ice-cooling. After stirring for 30 min, the reaction mixture was poured into saturated aqueous sodium 
hydrogencarbonate solution (50 mL) f and then extracted with ethyl acetate. The extract was washed with saturated 
brine and concentrated under reduced pressure to give crystals, which were washed with ethyl acetate and dried in 
vacuo to afford 372 mg (85%) of the title compound as colorless crystals. 

46 

mp197-200°C 

1 H-NMR (500 MHz, DMSO-d6+D 2 0) 6 7.33 (d. J = 8.5 Hz, 2H), 7.29 (s. 1H), 7.26 (d, J = 8.5 Hz, 2H), 7.20-7.13 (m, 
5H). 4.38 (d, J = 16.4 Hz, 1H), 4.27-4.17 (m. 2H), 3.11 (dd, J « 14.0, 2.4 Hz, 1H), 2.60 (dd, J = 14.0. 11.6 Hz, 1H) 
IR (KBr) 3400, 3250, 1640, 1615, 1545 cm* 1 
so MS (CI, positive) m/z 479, 481 (MH + ) 

Example 27 

Synthesis of 2-[5-benzyloxycarbonylamino-2-(4-methoxyphenyl)-6-Qxo-1 ,6-dihydro-1 -pyrimidyl]-N-(1 -benzyl-3,3,3-trif- 
55 luoro-2-oxopropyl)acetamide. 

(1) 2-[5-BenzylQxycarbonylamino-2-(4-methoxyphenyl)-6-Qxo-1 ,6-dihydro-1-pyrimidyl]"N-(1 -benzyl-3,3,3-trifluoro- 
2-hydroxypropyl)acetamide was synthesized in the same manner as in Example 1. That is, [5-benzylaxycarbo- 
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nylamino-2-(4-methoxyphenyl)-6-oxo-1 ,6-dihydro-1 -pyrimidinyf]acetic acid (title compound in Reference Example 
14, 5.00 g, 12.2 mmol) was treated with 3-amino-1 ,1,1 -trif luoro-4-phenyl-2-butanol (title compound in Reference 
Example 1, 2.94 g, 13.4 mmol), WSCI hydrochloride (2.81 g, 14.7 mmol) and HOBT (3.29 g, 24.3 mmol) in DMF 
(40 mL) to give 723 g (97%) of th target compound as colorless crystals. 

5 

mp 21 7-221 °C 

1 H-NMR (500 MHz, DMSOd 6 ) 6 8.80 (s, 1H), 8.40 (s, 1H), 8.34 (d, J = 8.7 Hz, 1H), 7.44 (d ( J = 7.1 Hz, 2H), 
7.39 ft J = 7.1 Hz, 2H), 7.36-7.30 (m, 3H), 7.25-7.17 (m, 3H). 7.13 (d, J = 6.7 Hz, 2H), 6.91 (d, J » 8.8 Hz, 2H), 
6.71 (d, J = 71 Hz, 1H), 5.18 (s, 2H), 4.44 (d, J = 16.5 Hz, 1H), 4.27 (d, J = 16.5 Hz. 1H), 4.11 (m, 1H), 3.92 
10 (m, 1H),3.82(s,3H),2.94(dd,J = 14.4,2.9Hz, 1H), 2.76 (dd, J » 14.4, 10.4Hz, 1H) 

IR (KBr) 3360, 3270, 3060, 2930, 1700, 1655. 1605, 1525 cm* 1 

(2) The hydroxy compound obtained above (4.00 g, 6.55 mmol) was treated with WSCI hydrochloride (6. 1 2 g, 31 .9 
mmol) and dichloroacetic add (1.05 mL, 12.7 mmol) in a mixed solution of DMSO (30 mL) and toluene (30 mL) to 
is give 3.27 g (82%) of the title compound as colorless crystals. 

mp172-174 0 C 

1 H-NMR (500 MHz, DMSOds+DgO) 5 8.38 (s, 1H) f 7.44 (d, J » 7.1 Hz, 2H), 7.40 ft J = 7.1 Hz, 2H), 7.35 ft J 
= 7.1 Hz, 1H), 726 (d. J = 8.8 Hz, 2H), 7.24-7.16 (m, 5 H), 6.86 (d, J = 8.8 Hz, 2H), 5.18 (s, 2H). 4.42 (d, J = 
20 16.4 Hz. 1H). 4.36-4.27 (m, 2H), 3.82 (s, 3H), 3.14 (d, J = 14.2 Hz, 1H), 2.62 (dd, J = 14.2, 11.5 Hz, 1H) 

IR (KBr) 3300, 1725, 1650, 1605 cm* 1 
MS (CI, positive) m/z 609 (MH + ) 

Example 28 

25 

Synthesis of 2^5-amino-2-(4-methoxyphenyl)-6-axo-1 ,6-dihydro-1-pyrimidyl]-N-(1 -benzyi-3,3,3-trifluoro-2-axopro- 
pyl)acetamide. 

The title compound was synthesized in the same manner as in Example 26. That is, the title compound in Example 
30 27 (497 mg, 0.81 7 mmol) was treated with anisole (0.28 mL, 2.6 mmol) and trif luoromethanesulfonic acid (0.43 mL, 4.9 
mmol) in dichioromethane (10 mL) to give 377 mg (97%) of the title compound as colorless crystals. 

mp 137-140°C 

1 H-NMR (500 MHz. DMSO-d6+D 2 0) 6 7.30 (s, 1H), 7.24-7.15 (m, 7H). 6.82 (d, J = 8.8 Hz, 2H). 4.37 (d. J = 16.3 
35 Hz, 1H), 4.31-4.23 (m, 2H), 3.81 (s, 3H), 3.13 (dd, J = 14.2, 2.2 Hz, 1H), 2.63 (dd, J = 14.2, 11.5 Hz, 1H) 
IR (KBr) 3400, 3260. 3050, 1635, 1605, 1540 cm' 1 
MS (CI. positive) m/z 475 (MH + ) 

Example 29 

40 

Synthesis of 2-[5-amino-2-(4-hydrQxyphenyl)-6-oxo-1 ,6-dihydro-1 -pyrimidyl]-N-(1 -benzyl-3, 3,3 -trif luoro-2-oxopro- 
pyl)acetamide. 

To a solution of the title compound in Example 28 (375 mg, 0.790 mmol) in dichioromethane (10 mL) was added a 
45 solution of boron tribromide in dichioromethane (1 ,0 M, 16 mL, 16 mmol). TTie resulting mixture was stirred at room tem- 
perature for 24 h, and methanol (3 mL) was added. After stirring for 10 min, the reaction mixture was poured into satu- 
rated aqueous sodium hydrogencarbonate solution (50 mL), and then extracted with ethyl acetate. The extract was 
washed with saturated brine, dried over anhydrous magnesium sulfate, and concentrated under reduced pressure. The 
residue was separated and purified by silica gel column chromatography (chloroform-methanol, 91 :9) and further puri- 
so fied by reversed phase column chromatography (water-acetonitrile, 6733) to give 168 mg (46%) of the title compound 
as a pale-brown solid. 

1 H-NMR (500 MHz, DMSO-d6+D 2 0) 6 7.31 (s, 1H), 7.25-7.12 (m. 5H), 7.08 (d, J = 8.6 Hz, 2H), 6.72 (d, J = 8.6 Hz, 
2H), 4.38 (d, J = 16.2 Hz, 1H), 4.31 (d, J = 16.2 Hz, 1H), 4.25 (dd, J = 11.3, 2.1 Hz. 1H), 3.13 (dd, J = 13.8. 2.1 Hz, 
55 1H),2.62(dd, J = 13.8, 11.3 Hz f 1H) 
IR (KBr) 3300, 1650. 1605, 1510 cm -1 
MS (CI, positive) m/z 461 (MH + ) 
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Exampl 30 

Synthesis of 2-[5-benzyioxycarbonylamino-2-(4-nitrophenyl)-6-oxo-1 ,6-dihydro-1-pyrimidinyl]-N-(1 -benzyl-3 t 3 f 3-lrif- 
luoro-2-oxopropyl)acetamide. 

5 

(1) 2-[5-Benzyloxycaroonylamino-2-(4-nitropheny^ 

hydroxypropyt)acetamide was synthesized in the same manner as in Example 1. That is, [5-benzytoxycarbo- 
nylamino-2-(4-nftrophenyl)^K3xch1,6KJihydro-1i3yrimidinyf]acetic acid (title compound in Reference Example 15, 
14.2 g, 33.5 mmol) was treated with 3-amino-1,1,1-trifluoro-4-phenyl-2-butanol (title compound in Reference 
10 Example 1 , 8.08 g f 36.9 mmoi), WSCI hydrochloride (7.71 g, 40.2 mmol) and HOBT (9.05 g, 67.0 mmol) in DMF 
(120 mL) to give 19.4 g (93%) of the target compound as colorless crystals. 

mp 238-242°C 

1 H-NMR (500 MHz. DMSOdg) 6 8.97 (s, 1H), 8.46 (s, 1H), 8.36 (d. J = 8.8 Hz, 1H), 8.21 (d, J = 8.7 Hz. 2H), 
is 7.65 (d t J = 8.7 Hz, 2H), 7.44 (d, J = 7.1 Hz, 2H), 7.39 (t, J = 7.1 Hz, 2H), 7.34 (t, J = 7.1 Hz, 1H), 7.17 (t, J = 

7.1 Hz, 2H), 7.13-7.06 (m, 3H) f 6.71 (d, J = 7.1 Hz, 1H), 5.19 (s, 2H), 4.48 (d, J = 16.8 Hz, 1H), 4.19 (d, J = 
16.8 Hz. 1H), 4.06 (m, 1H), 3.88 (m, 1H), 2.92 (dd. J = 14.1, 2.7 Hz, 1H), 2.68 (dd, J = 14.1, 10.9 Hz, 1H) 
IR (KBr) 3360, 3270, 1720, 1660, 1590, 1510 cm' 1 

20 (2) The hydroxy compound obtained above (9.85 g, 15.7 mmol) was treated with WSCI hydrochloride (12.9 g, 67.3 
mmol) and dichloroacetic acid (2.6 mL, 32 mmol) in DMSO (75 mL) and toluene (75 mL) to give 8.94 g (91%) of the 
title compound as pale-yellow crystals, mp 1 17-1 21 °C 

1 H-NMR (500 MHz, DMSO-d^O) 6 8.44 (s, 1H), 8.17 (d, J = 8.8 Hz, 2H), 7.58 (d, J = 8.8 Hz, 2H), 7.44 (d, 
25 J ■ 7.1 Hz, 2H), 7.40 (t. J = 7.1 Hz, 2H), 7.35 (t, J = 7.1 Hz, 1H), 7.17-7.07 (m, 5 H), 5.19 (s, 2H), 4.47 (d, J = 

15.3 Hz, 1H), 4.32-4.19 (m, 2H), 3.10 (dd. J = 14.1, 2.3 Hz, 1H), 2.56 (dd, J = 14.1, 11.7 Hz, 1H) 
IR (KBr) 3290, 3050, 1725, 1640, 1595, 1515 crrr 1 
MS (CI, positive) m/z 624 (MH + ) 

30 Example 31 

Synthesis of 2-[5-amino-2-(4-nrtrophenyl)-6-oxo-1 ,6-dihydro-1 -pyrimidyll-N^I-benzyl-S.S.S-trifluoro^-oxopropyOaceta- 
mide. 

35 The title compound was synthesized in the same manner as in Example 26. That is, the title compound in Example 
30 (587 mg, 0.941 mmol) was treated with anisole (0.33 mL, 3.0 mmol) and trifluoromethanesulfonic acid (0.55 mL, 6.2 
mmol) in dichloromethane (10 mL) to give 287 mg (62%) of the title compound as pale-brown crystals. 

mp 130-134°C 

40 1 H-NMR (500 MHz, DMSO-d6+D 2 0) 8 8.12 (d, J = 8.8 Hz, 2H), 7.52 (d, J = 8.8 Hz, 2H), 7.33 (s. 1 H), 7.18-7.08 (m, 
5H), 4.45 (d, J = 16.4 Hz, 1H), 4.27-4.18 (m, 2H), 3.10 (dd, J = 14.1, 2.5 Hz, 1H), 2.57 (dd, J = 14.1, 11.7 Hz, 1H) 
IR (KBr) 3400, 3250, 1640, 1615. 1520 cm -1 
MS (CI. positive) m/z 490 (MH + ) 

46 Example 32 

Synthesis of 2-[2-(4-aminophenyI)-5-benzyloxycarbonylamino-6-oxo-1 ,6-dihydro-1-pyrimidyl]-N-(1-benzyl-3,3,3-trif- 
luoro-2-oxopropyi)acetamide. 

so To a mixture of the title compound in Example 30 (2.00 g, 3.21 mmol), THF (30 mL) and water (13 mL) were added 
iron powder (2.15 g, 38.5 mmol) and 1 N hydrochloric acid (1 .7 mL). The resulting mixture was stirred at room temper- 
ature for 18 h. The reaction mixture was filtrated through Ceirte and insolubles were washed with ethyl acetate. The fil- 
trate was poured into saturated aqueous sodium hydrogencarbonate solution (150 mL), and then extracted with ethyl 
acetate. The extract was washed with saturated brine and dried over anhydrous magnesium sulfate. The extract was 

55 concentrated and the residue was separated and purified by silica gel column chromatography (dichloromethane-ethyl 
acetate, 50:50) to give 1 .59 g (83%) of the title compound as colorless crystals. 

mp 98-1 01°C 
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1 H-NMR (300 MHz, DMSO-dg) 6 8.66 (s. 1H), 8.32 (s, 1H), 8.22 (d, J = 9.7 Hz, 1H), 7.48-7.16 (m, 10H), 7.14 (s. 
1H), 7.11 (s, 1H), 7.03 (d, J = 8.6 Hz, 2H), 6.49 (d, J = 8.6 Hz, 2H), 5.95-5.55 (br, 2H), 5.16 (s, 2H), 4.44 (d, J = 
16.6 Hz, 1H), 4.38 (d, J = 16.6 Hz, 1H), 4.26 (brt, J = 9.6 Hz, 1H), 3.15 (m, 1H), 2.64 (dd, J = 14.0 Hz, 1H) 

IR (KBr) 3350, 1645, 1605 cm* 1 
5 MS (SIMS, positive) m/z 594 (MH + ) 

Example 33 

Synthesis of 2-{5-aniino-2-(4-aminophenyl)-6<)xo-1 < 6-dihydro-1-pyrim 
w pyQacetamide. 

The title compound was synthesized in the same manner as in Example 2. The title compound in Example 30 (196 
mg, 0.314 mmof) was reacted under a hydrogen atmosphere in the presence of 10% palladium carbon (100 mg) in a 
mixed solution of acetic acid (3 mL) and perchloric acid (70%, 3 drops) to give 68 mg (44%) of the title compound as 
is pale-yellow powdery crystals. 

rrtp >210°C (decomposition) 

1 H-NMR (300 MHz, DMSO-d 6 ) 6 8.17 (d, J = 9.6 Hz, 1H), 7.35-7.15 (m, 6H), 7.15 (s, 1H), 7.11 (s, 1H), 6.94 (d. J 
= 8.5 Hz, 2H), 6.46 (d, J = 8.5 Hz, 1H), 5.46 (s. 2H) t 4.92 (s, 2H), 4.38 (d, J = 16.1 Hz, 1H), 4.31 (d, J = 16.1 Hz, 
20 1H), 4.23 (brt, J = 9.7 Hz, 1H), 3.14 (dd. J = 14.1. 2.0 Hz, 1H), 2.65 (dd, J = 14.1, 1 1.2 Hz, 1H) 
IR (KBr) 3275, 1650, 1605, 1505 cm" 1 
MS (SIMS, positive) m/z 460 (MH + ) 

Example 34 

25 

Synthesis of 2^5-beru^loxy<arbonylarruno-2-(^ ,6-dihydro-1 -pyrimidyl]-N-(1 -benzyl- 

3,3 t 3-trifluoro-2-oxopropyl)acetamide. 

To a mixed solution of the title compound in Example 32 (235 mg, 0.396 mmol) in methanol (10 mL) and formalin 
30 (2 mL) was added 10% palladium carbon (89 mg) under a nitrogen atmosphere. The resulting mixture was stirred at 
room temperature for 1 .5 h under a hydrogen atmosphere. Palladium carbon was removed by filtration and washed with 
methanol. The filtrate was concentrated and the residue was separated and purified by silica gel column chromatogra- 
phy (dichioromethane-ethyl acetate, 75:25) to give 135 mg (55%) of the title compound as colorless crystals. Recrys- 
tallization thereof from chloroform-hexane (50:50) gave 56 mg of colorless crystals. 

35 

mp 220-222°C 

1 H-NMR (500 MHz, DMSO^+DaO) 6 8.35 (s, 1H) t 7.43 (d, J = 7.1 Hz. 2H), 7.40 (t, J = 7.1 Hz, 2H), 7.35 (t. J = 
7.1 Hz, 1H), 7.26-7.17 (m, 5H), 7.15 (d t J = 8.9 Hz, 2H), 6.56 (d, J = 8.9 Hz, 2H), 5.17 (s, 2H), 4.47 (d, J = 16.6 Hz, 
1H), 4.38-4.32 (m, 2H). 3.16 (dd, J = 14.3, 2.2 Hz, 1H), 2.98 (s, 6H), 2.65 (dd, J = 14.3. 11.5 Hz, 1H) 
40 IR (KBr) 3390, 3280, 1 715, 1650, 1605 cm -1 
MS (CI, positive) m/z 622 (MH + ) 

Example 35 

45 Synthesis of 2-[5-amino-2-(4-dimethylaminophenyl)-6-oxo-1 ,6-dihydro-1 -pyrimidy(]-N-(1 -benzyl-3.3,3-trrf luoro-2-oxo- 
propyl)acetamide. 

The title compound was synthesized in the same manner as in Example 26. The title compound in Example 34 (53 
mg, 0.085 mmol) was treated with anisole (0.03 mL, 0.3 mmol) and trifluoromethanesulfonic acid (0.05 mL, 0.6 mmol) 
so in dichloromethane (3 mL) to give 36 mg (87%) of the title compound as colorless crystals. 

mp219-223°C 

1 H-NMR (500 MHz, DMSOd 6 +D 2 0) 6 7.31 (s, 1H), 7.27-7.1 7 (m, 5H), 7.07 (d, J = 8.8 Hz, 2H), 6.55 (d, J = 8.8 Hz ( 
2H). 4.41 (d, J = 16.2 Hz, 1H), 4.35-4.27 (m, 2H), 3.15 (dd, J « 14.3, 2.2 Hz, 1H). 2.95 (s, 6H), 2.66 (dd. J - 14.3, 
55 11.4 Hz, 1H) 

IR (KBr) 3280. 1635, 1605 cm* 1 
MS (SIMS, positive) m/z 488 (MH + ) 
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Example 36 

Synthesis of 2-[5-methylamino-2-(4<limethylaminopheny()-6-oxo-1 ,6-di hydro- 1 -pyrimidyl]-N-(1 -benzyl-3,3,3-trif luoro-2- 
oxopropyl)acetamide. 

5 

To a solution of the title compound in Example 34 (90 mg, 0.148 mmol) in a mixed solution of methanol (4 mL) and 
formic acid (0.2 mL) was added 1 0% palladium carbon (3 1 mg) under a nitrogen atmosphere. The resulting mixture was 
stirred for 16 h under a hydrogen atmosphere. Palladium carbon was removed by filtration and washed with methanol. 
The filtrate was concentrated, poured into saturated aqueous sodium hydrogencarbonate solution (50 mL), and then 
10 extracted with ethyl acetate. The extract was washed with saturated brine and the solvent was evaporated under 
reduced pressure. The residue was separated and purified by silica gel column chromatography (chlorofbrm-methanol, 
975) gave 46 mg (62%) of the title compound as pale-yellow crystals. Recrystallization thereof from chlorofbrm-hexane 
(50:50) afforded 23 mg of pale-yellow crystals. 

mp 270-275°C 

1 H-NMR (500 MHz, DMSO-dg+DgO) 6 7.27-7.17 (m f 5H), 7.07 (d, J = 8.9 Hz, 2H), 7.00 (s, 1 H), 6.55 (d, J = 8.9 Hz, 
2H), 4.42 (d, J = 16.3 Hz, 1H), 4.34-4.27 (m, 2H), 3.15 (dd, J = 14.3, 2.2 Hz, 1H), 2.95 (s. 6H), 2.70 (s, 3H), 2.65 
(dd, J = 14.3,11.4 Hz, 1H) 
IR (KBr) 3360, 1635, 1605 cm -1 
MS (SIMS, positive) m/z 502 (MH + ) 

Example 37 

Synthesis of 2-[2-(4-acetylaminophenyQ-5-benzylaxy(^ 
25 trifluoro-2-Qxopropyl)acetamide. 

To a solution of the title compound in Example 32 (310 mg, 0.522 mmol) in THF (8 mL) was added sodium carbon- 
ate (220 mg, 2.08 mmol), and after cooling with ice, acetyl chloride (0.07 mL, 1 mmol) was added. The resulting mixture 
was stirred at 0°C fa 1 h, poured into 1 N hydrochloric acid (40 mL), and then extracted with ethyl acetate. The extract 
30 was washed with saturated aqueous sodium hydrogencarbonate solution (40 mL) and saturated brine, and dried over 
anhydrous magnesium sulfate. The extract was concentrated and the residue was separated and purified by silica gel 
column chromatography (chlorofbrm-methanol, 95:5) to give 330 mg (99%) of the title compound as colorless crystals. 

mp 235-240°C 

1 H-NMR (500 MHz, DMSOdg+DgO) 5 8.38 (s f 1 H), 7.59 (d, J = 8.6 Hz, 2H), 7.45-7.35 (m, 5H), 7.25-7.13 (m, 7H), 
5.19 (S, 2H), 4.44 (d, J = 16.4 Hz, 1H), 4.34 (d, J = 16.4 Hz, 1H), 4.26 (m, 1H), 3.14 (dd, J = 14.0, 2.2 Hz, 1H), 2.60 
(dd, J = 14.0, 1 1.7 Hz, 1H), 2.14 (s, 3H) 
IR (KBr) 3250, 1720, 1650, 1595 cm" 1 
MS (SIMS, positive) m/z 636 (MH + ) 

Example 38 

Synthesis of 2-[5-amino-2-(4-acetylaminophenyl)-6-oxo-1 ,6-dihydro-1 -pyrimidyl]-N-(1-benzyl-3,3,3-trifIuoro-2-oxopro- 
pyljacetamide. 

46 

The title compound was synthesized in the same manner as in Example 6. That is, the title compound in Example 
37 (1 07 mg, 0. 1 68 mmol) was treated with formic acid (0.25 mL) and 1 0% palladium carbon (38 mg) in methanol (5 mL) 
to give 39 mg (46%) of the title compound as a pale-yellow solid. 

50 1 H-NMR (500 MHz, DMS0^6+D 2 0) 6 7.55 (d, J = 8.6 Hz, 2H), 731 (s, 1H), 7.25-7.14 (m, 7H) t 4.38 (d, J = 16.5 
Hz, 1H), 4.28 (d, J = 16.5 Hz, 1H), 4.23 (dd, J = 11.5, 2.2 Hz, 1H), 3.13 (dd, J = 13.9, 2.2 Hz, 1H), 2.61 (dd. J - 
13.9, 11.5 Hz, 1H), 2.11 (s,3H) 
IR (KBr) 3280, 1650, 1595, 1530, 1505 cm" 1 
MS (CI, positive) m/z 502 (MH + ) 

55 
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Example 39 

Synthesis of 2-[5-berizyloxycarbonylamino-2-(4-tril^^^ 1 ,6-dihydro-1 -pyrimidyl]- 

N-(1 -benzyl-3,3,3-trif lu ro-2-oxopropyl)acetamide. 

5 

T a solution of the title compound in Example 32 (300 mg p 0.505 mmol) and triethylamine (0.09 mL, 0.6 mm I) in 
THF (10 ml_) was added trifluoromethanesulfonyl anhydride (0.10 mL, 0.59 mmol) at -78°C. The resulting mixture was 
stirred at -78°C for 1 .5 h. and water (2 mL) was added. After stirring at room temperature for 30 min, the reaction mixture 
was poured into water (50 mL), and then extracted with ethyl acetate. The extract was dried over anhydrous magnesium 
w sulfate and the solvent was evaporated under reduced pressure. The residue was separated and purified by silica gel 
column chromatography (dichloromethane-ethyl acetate, 75:25) to give 312 mg (85%) of the title compound as color- 
less crystals. Recrystailization thereof from chloroform-hexane (50:50) afforded 223 mg of colorless crystals. 

mp 135-138°C 

15 1 H-NMR (500 MHz, DMSO-dg+DgO) 8 8.39 (s, 1H), 7.45-7.33 (m, 7H), 7.27 (d, J = 8.7 Hz, 2H), 7.21-7.14 (m t 5H), 
5.19 (S, 2H), 4.36 (brs, 2H), 4.25 (dd, J = 11.4, 2.4 Hz, 1H), 3.13 (dd, J = 14.0, 2.4 Hz, 1H), 2.59 (dd, J = 14.0, 11.4 
Hz, 1H) 

IR (KBr) 3300, 1725, 1650, 1515 cm -1 
MS (SIMS, positive) m/z 726 (MH + ) 

20 

Example 40 

Synthesis of 2-[5-amino-2-(4-trif luoromethanesulfonylarr»nophenyi)-6-oxo-1 ,6-dihydro-1 -pyrimidyl]-N-(1 -benzyl-3,3,3- 
trifluoro-2-oxopropyl)acetamide. 

25 

The title compound was synthesized in the same manner as in Example 26. The title compound in Example 39 (1 00 
mg, 0.138 mmol) was treated with anisole (0.05 mL, 0.5 mmol) and trifluoromethanesulfonic acid (0.075 mL, 0.85 
mmol) in dichloromethane (8 mL) to give 77 mg (94%) of the title compound as colorless crystals. 

30 mp 188-191°C 

1 H-NMR (500 MHz, DMS0^6+D 2 0) 8 7.36 (d, J = 8.7 Hz, 2H), 7.32 (s, 1H), 7.30 (d, J = 8.7 Hz, 2H), 7.21-7.14 (m. 
5H), 4.42-4.30 (m, 2H), 4.26 (dd, J = 11.5, 2.4 Hz, 1H), 3.14 (dd, J = 13.9, 2.4 Hz, 1H), 2.59 (dd, J = 13.9, 11.5 Hz, 
1H) 

IR (KBr) 3400, 3250, 3050. 1645. 1615, 1555 cm* 1 
35 MS (SIMS, positive) m/z 592 (MH + ) 

Example 41 

Synthesis of 2-[5-berizyloxycartoonylamino-2-(4-isopro^ ,6-dihydro-1-pyrimidyl]-N-(1- 
40 benzyl-3,3,3-trifluoro-2-oxopropy1)acetamide. 

The title compound was synthesized in the same manner as in Example 37. The title compound in Example 32 (300 
mg, 0.505 mmol) was reacted with isopropyl chloroformate (0.12 mL, 1.1 mmol) in the presence of sodium carbonate 
(106 mg, 1.00 mmol) in THF (8 mL) to give 320 mg (93%) of the title compound as colorless crystals. 

45 

0^219-221*0 

1 H-NMR (500 MHz, DMSO-d6+D 2 0) 6 8.38 (s, 1H), 7.48 (d, J = 8.7 Hz, 2H), 7.45-7.38 (m, 4H), 7.35 (t, J = 7.0 Hz, 
1H), 7.23-7.13 (m. 7H), 5.18 (s, 2H), 4.95 (sept J = 6.2 Hz, 1H), 4.44 (d ( J = 16.4 Hz, 1H), 4.33 (d, J = 16.4 Hz, 
1H), 4.24 (dd, J = 1 1.4, 2.2 Hz, 1H), 3.13 (dd, J = 13.9, 2.2 Hz, 1H), 2.60 (dd, J = 13.9, 11.4 Hz, 1H), 1.29 (d, J = 
so 6.2 Hz, 6H) 

IR (KBr) 3250, 1720, 1690. 1655, 1605, 1500 cm 1 
MS (CI, positive) m/z 680 (MH + ) 
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Example 42 

Synthesis of 2-[5-amino-2-(4-isopropoxycarix)nylamir^ ,6-dihydro-1 -pyrimidyf]-N-(1 -benzyl-3,3,3-trif- 

luoro-2-oxopropyl)acetamide. 

Th title compound was synthesized in the same manner as in Example 2. That is, the title compound in Example 
41 (88 mg, 0.13 mmol) was reacted under a hydrogen atmosphere in the presence of 10% palladium carbon (29 mg) 
in methanol (5 mL) to give 52 mg (73%) of the title compound as pale-yellow crystals. 

mp131-135°C 

1 H-NMR (500 MHz, DMSOdg+DaO) 5 7.44 (d, J = 8.7 Hz, 2H), 7.31 (s, 1H), 7.23-7.12 (m, 7H), 4.94 (sept, J - 6.2 
Hz. 1H) ( 4.39 (d, J = 16.3 Hz, 1H), 4.28 (d, J = 16.3 Hz, 1 H), 4.23 (dd, J = 1 1.3, 2.1 Hz, 1H), 3.13 (dd. J = 14.0, 2.1 
Hz, 1H), 2.61 (dd, J =: 14.0, 11.3 Hz, 1H), 1.29 (d, J = 6.2 Hz, 6H) 
IR (KBr) 3380, 1690, 1660, 1610, 1510 cm* 1 
MS (CI, positive) m/z 546 (MH + ) 

Example 43 

Synthesis of 2-[5-benzyloxycarbonylamino-2-(3,5-dinitrophenyl)-6-oxo-1 ,6-dihydro-1 -pyrimidyl]-N-(1 -benzyl-3,3,3-trif- 
luoro-2-oxopropyf)acetamide. 

(1) 2-[5-Bercyloxyc^roonylamino-2-(3,5^initrophenyl)-6-oxo-1 ,6-dihydro-1 -pyrimidyl]-N-(1 -benzyl-3,3,3-trH luoro- 
2-hydroxypropyl)acetamide was synthesized in the same manner as in Example 1. That is, tS-benzyloxycarbo- 
nylamino-2-(3,5KJinitrcphenyl) acid (title compound in Reference Example 
1 6, mixture with diethyl ether, 3.74 g, 7,08 mmol) was treated with 3-amino-1 ,1,1 -trif luoro-4-phenyl-2-butanol (title 
compound in Reference "Example 1, 1 .78 g, 8.12 mmol), WSCI hydrochloride (1.63 g, 8.50 mmol) and HOBT (1.91 
g, 14.1 mmol) in DMF (25 mL) to give 4.06 g (86%) of the target compound as a dark-brown solid. 

1 H-NMR (500 MHz, DMSO-d 6 ) 6 9.06 (s, 1H), 8.94 (t, J = 2.1 Hz, 1H), 8.71 (d, J = 2.1 Hz, 2H), 8.49 (s, 1H), 
8.40 (d, J = 8.7 Hz, 1H), 7.45 (d, J = 7.1 Hz, 2H), 7.40 (t, J = 7.1 Hz, 2H), 7.34 (t, J = 7.1 Hz, 1H), 7.14-7.05 
(m, 5H). 6.62 (d. J » 7.3 Hz, 1H), 5.20 (s, 2H), 4.51 (d, J = 16.8 Hz. 1H), 4.36 (d, J » 16.8 Hz, 1H), 3.98 (m, 
1H) ( 3.85 (m, 1H), 2.89 (dd, J = 14.1, 2.9 Hz, 1H), 2.65 (dd, J = 14.1, 10.6 Hz, 1H) 
IR (KBr) 3280, 3090, 1720, 1665, 1510 cm* 1 

(2) The hydroxy compound obtained above (3.22 g, 4.80 mmol) was treated with WSCI hydrochloride (4.60 g, 24.0 
mmol) and dichloroacetic acid (0.80 mL, 9.7 mmol) in a mixed solution of DMSO (20 mL) and toluene (20 mL) to 
give 2.70 g (84%) of the title compound as paie-brown crystals. 

mp 154-157 e C 

1 H-NMR (500 MHz, DMSOdg+DgO) 6 8.97 (t, J = 2.0 Hz, 1H), 8.63 (d, J = 2.0 Hz. 2H) ( 8.45 (s, 1H), 7.45 (d, 
J = 7.1 Hz, 2H), 7.41 (t, J = 7.1 Hz, 2H), 7.36 (t, J = 7.1 Hz, 1H), 7.09-7.00 (m, 5 H), 5.20 (s, 2H), 4.48 (brs, 
2H), 4.09 (dd, J = 11.7, 2.5 Hz, 1H), 3.03 (dd, J = 13.7, 2.5 Hz, 1H), 2.49 (dd, J « 13.7, 11.7 Hz, 1H) 
I R (KBr) 3300. 3070, 1 725. 1 655, 1 540, 1 5 1 5 cm* 1 
MS (SIMS, positive) m/z 687 (M+^O+H* ) 

Example 44 

Synthesis of 2-[5-amino-2-(3,5-dinitrophenyl)-6-oxo-1 ,6-dihydro-1 -pyrimidy"]-N-(1 -benzyl-3.3,3-trif luoro-2-oxopro- 
pyQacetamide. 

The title compound was synthesized in the same manner as in Example 26. The title compound in Example 43 (405 
mg, 0.606 mmol) was treated with anisole (0.21 mL, 1 .9 mmol) and trifiuoromethanesulfonic acid (0.29 mL, 3.3 mmol) 
in dichioromethane (7 mL) to give 305 mg (94%) of the title compound as yellow crystals. 

mp 206-209°C 

1 H-NMR (500 MHz, DMSOd6+D 2 0) 6 8.91 (t, J = 2.1 Hz, 1H), 8.56 (d, J * 2.1 Hz, 2H), 7.34 (s, 1H), 7.10-7.01 (m, 
5H), 4.45 (brs, 2H), 4.10 (dd, J = 11.4, 2.6 Hz, 1H), 3.03 (dd, J = 13.7, 2.6 Hz, 1H), 2.50 (dd, J = 13.7, 1 1.4 Hz, 1H) 
IR (KBr) 3280, 3070, 1660, 1605, 1540 cm' 1 
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MS (CI. positive) m/z 535 (MH * ) 
Example 45 

5 Synthesis of 2^2-(3,5-diaminophenyl)-5-benzyloxycaibonylamino-6-oxo-1 ,6-dihydro-1i3yrimidyl]-N-(1-benzyl-3 ( 3,3-tri- 
fluoro-2-oxopropyQacetamide. 

The title compound was synthesized in the same manner as in Example 32. That is, the title compound in Example 
43 (887 mg, 1 .33 mmol} was treated with iron powder (890 mg, 1 5.9 mmol) and 1 N hydrochloric acid (0.7 ml_) in a mixed 
10 solution of THF (13 mL) and water (6 mL) to give 788 mg (97%) of the title compound as pale-yellow crystals. 

mp 178-181 °C 

1 H-NMR (500 MHz, DMSO-d 6 +D 2 0) 5 8.34 (s, 1H), 7.45-7.38 (m, 4H), 7.36 (t ( J = 6.9 Hz, 1H), 7.20 (t, J = 7.0 Hz, 
2H), 7.17-7.11 (m, 3H), 6.00 (t, J « 2.0 Hz. 1H), 5.82 (d. J - 2.0 Hz, 2H), 5.18 (s, 1H). 4.51 (d, J - 16.0 Hz, 1H). 
15 4.44 (d, J = 16.0 Hz, 1H), 4.10 (dd, J = 11.4, 2.4 Hz, 1H), 3.09 (dd, J = 14.2, 2.4 Hz, 1H), 2.66 (dd, J = 14.2, 11.4 
Hz, 1H) 

IR (KBr) 3420, 3330, 1680, 1645, 1600, 1520 cm" 1 
MS (CI, positive) m/z 609 (MH * ) 

20 Example 46 

Synthesis of 2-[5-amino-2-(3,5-diaminophenyl)-6-oxo-1 ,6-dihydro-1 -pyrimidyQ-N-(1 -benzyl-3,3.3-trifluoro-2-oxopro- 
pyOacetamide. 

25 The title compound was synthesized in the same manner as in Example 2. The title compound in Example 45 (1 50 
mg, 0.246 mmol) was reacted under a hydrogen atmosphere in the presence of 10% palladium carbon (56 mg) in a 
mixed solution of methanol (5 mL) and THF (3 mL) to give 104 mg (89%) of the title compound as pale-brown crystals. 

mp 127-130°C 

30 1 H-NMR (500 MHz, DMSO-d 6 +D 2 0) 6 7.26 (s, 1H), 7.21 (t, J = 7.0 Hz, 2H), 7.16-7.12 (m, 3H) ( 5.93 (t, J = 2.0 Hz, 
1H), 5.77 (d, J - 2.0 Hz, 2H), 4.45 (d, J = 15.9 Hz, 1H), 4.39 (d, J = 15.9 Hz, 1H), 4.05 (m, 1H), 3.08 (dd, J - 14.0, 
2.4 Hz, 1H), 2.69 (dd, J = 14.0, 11 .2 Hz, 1H) 
IR (KBr) 3320, 1650, 1600, 1520 cm' 1 
MS (CI, positive) nrvz 475 (MH + ) 

35 

Example 47 

Synthesis of 2-[5-benzyloxywrbonyiamino-6-oxo-2-(3-pyridy0-1 ,6-dihydro-1 -pyrimidyi]-N-(1 -benzyI-3,3,3-trif luoro-2- 
oxopropyl)acetamide. 

40 

(1) 2-[5-Benzyloxycarbonylamino-6-oxo-2-(3-pyridyl)-1 ,6-dihydro-1 -pyrimidyQ-N-(1 -benzyi-3,3,3-trifluoro-2-hydrox- 
ypropyl)acetamide was synthesized in the same manner as in Example 1 . That is, [5-benzytoxycarbonylamino-6- 
oxo-2-(3i)yridyl)-1,6-dihydro-1-pyrimidinyllacetic acid (title compound in Reference Example 17, 2.50 g, 6.57 
mmol) was treated with 3-amino-1,1,1-trifluoro-4-phenyl-2-butanol (title compound in Reference Example 1, 1.51 

45 g, 6.89 mmol), WSCI hydrochloride (1.51 g, 7.88 mmol) and HOBT (1.77 g, 13.1 mmol) in DMF (25 mL) to give 3.58 
g (94%) of the target compound as colorless crystals. 

mp 205-209°C 

1 H-NMR (500 MHz, DMSO-dg) 6 8.92 (s, 1H), 8.70 (dd, J = 4.9, 1.6 Hz, 1H), 8.64 (d, J » 2.1 Hz, 1H), 8.45 (s, 
so 1 H), 8.35 (d, J = 8.7 Hz, 1 H), 7.76 (m, 1 H), 7.44 (d, J = 7.1 Hz, 2H), 7.42-7.37 (m, 3H), 7.34 (t ( J = 7.1 Hz, 1 H), 

7.23-7.16 (m, 3H), 7.08 (d, J = 7.2 Hz, 2H), 6.69 (d, J = 7.1 Hz, 1H), 5.19 (s, 2H) t 4.45 (d, J - 16.8 Hz, 1H). 
4.29 (d, J = 16.8 Hz, 1 H), 4.03 (m, 1H), 3.88 (sext, J = 7.1 Hz, 1H), 2.92 (dd, J = 14.2, 2.9 Hz, 1H), 2.71 (dd, J 
= 14.2, 10.4 Hz, 1H) 

IR (KBr) 3370, 3280, 3050, 1720, 1665, 1600, 1515 cm' 1 

55 

(2) The hydroxy compound obtained above (2.76 g, 4.75 mmol) was treated with WSCI hydrochloride (4.55 g, 23.7 
mmol) and dichloroacetic acid (0.80 mL, 9.7 mmol) in a mixed solution of DMSO (20 mL) and toluene (20 mL) to 
give 2.39 g (87%) of the title compound as colorless crystals. 
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mp 88-91 °C 

1 H-NMR (500 MHz, DMSO-d6+D 2 0) 6 8.69 (dd ( J = 4.9, 1 .6 Hz, 1H), 8.56 (d, J = 2.2 Hz, 1 H), 8.43 (s, 1H), 7.68 
(m, 1H), 7.46-7.33 (m, 6H), 7.20-7.10 (m, 5H), 5.19 (s. 2H), 4.41 (m. 2H), 4.20 (dd, J = 11.4, 2.5 Hz, 1H), 3.10 
(dd, J = 14.0, 2.5 Hz, 1H), 2.57 (dd, J = 14.0, 11.4 Hz, 1H) 
5 IR (KBr) 3300, 1720, 1655, 1595, 1510 cm" 1 

MS (CI. positive) m/z 580 (MH + ) 

Example 48 

10 Synthesis of 2-[5-amino-6-oxo-2-(3-pyridyl)-1 ,6-dihydro-1 -pyrimidyl]-N-(1 -benzyl-3,3,3-trifluoro-2-GXDpropyI)aceta- 
mide. 

The title compound was synthesized in the same manner as in Example 2. That is, the title compound in Example 
47 (200 mg, 0.345 mmol) was reacted under a hydrogen atmosphere in the presence of 10% palladium carbon (144 
15 mg) in a mixed solution of methanol (6 m!_) and THF (4 mL) to give 1 1 1 mg (72%) of the title compound as a colorless 
solid. 

1 H-NMR (500 MHz, DMSO-de+D 2 0) 8 8.63 (dd, J a 4.8, 1.5 Hz, 1H), 8.50 (d, J =* 1.8 Hz, 1H), 7.61 (m, 1H), 7.33 
(s, 1 H), 7.32 (dd, J = 7.9, 4.8 Hz, 1 H), 7.20-7.1 1 (m, 5H), 4.35 (AB-q, J = 16.9 Hz, 2H), 4.20 (dd, J = 1 1 .3, 2.3 Hz, 
20 1H), 3.10 (dd, J = 14.0, 2.3 Hz, 1H), 2.58 (dd, J = 14.0, 11.3 Hz, 1H) 
IR (KBr) 3410, 3270, 1690, 1650, 1605, 1535 cm' 1 
MS (CI, positive) rrvz 446 (MH + ) 

Example 49 

25 

Synthesis of 2-[5-benzyloxycarbonylamino-6-oxo-2-(4-pyridyl)-1 ,6-dihydro-1-pyrimidyQ-N-(1 -benzyl-3.3,3-trifluoro-2- 
oxopropyl)acetamide. 

(1) 2-[5-Benzyloxycarbonylamino-6-oxo*2-(4i3yrrclyl)-1 ,6-dihydro-1 -pyrimidyl]-N-(1 -benzyl-S.S.S-trrfluoro^-hydrox- 
30 ypropyQacetamide was synthesized in the same manner as in Example 1. That is, [5-benzy)oxycarbonylamino-6- 

oxo-2-(4-pyridyO-1.6-dihydro-1-pyrimicGnyl]acetic acid (title corrpound in Reference Example 18, 2.66 g, 6.57 
mmol) was treated with 3-amino-1 f 1,1-trifluoro-4-phenyl-2-butanol (title compound in Reference Example 1, 1.51 
g, 6.89 mmol), WSCI hydrochloride (1 .51 g, 7.88 mmol) and HOBT (1 .77 g, 13.1 mmol) in DMF (25 mL) to give 3.59 
g (94%) of the target compound as pale-yellow crystals. 

35 

mp 213-21 7°C 

1 H-NMR (500 MHz, DMSOdg) 6 8.96 (s, 1H), 8.62 (d, J = 5.9 Hz, 2H), 8.45 (s, 1H), 8.36 (d. J = 8.7 Hz, 2H), 
7.44 (d, J « 7.1 Hz, 2H), 7.42-7.32 (m, 5H), 7.23-7.16 (m, 3H), 7.09 (d, J = 7.0 Hz, 2H), 6.71 (d, J = 7.1 Hz, 1H) t 
5.19 (s, 2H), 4.42 (d, J = 16.7 Hz, 1H), 4.23 (d, J = 16.7 Hz, 1H), 4.07 (m, 1H), 3.89 (sext, J - 7.1 Hz, 1H), 2.94 
40 (dd, J = 14.2, 2.8 Hz, 1H), 2.71 (dd, J = 14.2, 10.6 Hz, 1H) 

IR (KBr) 3380, 3270, 1725. 1660, 1595, 1515 cnV 1 

(2) The hydroxy compound obtained above (2.79 g, 4.80 mmol) was treated with WSCI hydrochloride (4.60 g, 24.0 
mmol) and dichloroacetic acid (0.80 mL, 9.7 mmol) in a mixed solution of DMSO (20 mL) and toluene (20 mL) to 

45 give 2.24 g (81%) of the title compound as pale-yellow crystals. 

mp 182-185°C 

1 H-NMR (500 MHz, DMSO-d 6 +D 2 0) 8 8.58 (d, J - 6.0 Hz, 2H). 8.43 (s, 1H). 7.44 (d, J - 7.1 Hz, 2H), 7.40 (t. 
J = 7.1 Hz, 2H), 7.36 (t, J = 7.1 Hz, 1H), 7.30 (d, J = 6.0 Hz, 2H), 7.20-7.12 (m, 5H), 5.19 (s, 2H), 4.40 (d,J = 
so 16.5 Hz, 1H), 4.32 (m, 1H), 4.25 (dd, J = 11.5, 2.5 Hz, 1H), 3.11 (dd, J = 14.0, 2.5 Hz, 1H), 2.58 (dd, J = 14.0. 

11.5 Hz, 1H) 

IR (KBr) 3380, 3290, 3030, 1725, 1660, 1595, 1515 cm" 1 
MS (CI, positive) m/z 580 (MH + ) 

55 
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Example 50 

Synthesis of 2-[5-amino-6-Qxo-2-(4-pyridy1)-1 ,6<fihydro-1-pyrimidyO-N-^ 
mide. 

The title compound was synthesized in the same manner as in Example 2. The title compound in Example 49 (250 
mg, 0.431 mmol) was treated under a hydrogen atmosphere in the presence of 10% palladium carbon (1 14 mg) in a 
mixed solution of methanol (6 mL) and THF (4 mL) to give 161 mg (84%) of the title compound as a pale-yellow solid. 

1 H-NMR (500 MHz, DMSO-d6+D 2 0) 6 8.52 (d, J = 6.0 Hz, 2H), 7.32 (s, 1H), 7.24 (d, J = 6.0 Hz, 2H), 7.19-7.13 (m t 
5H). 4.38 (d. J = 16.1 Hz, 1H). 4.29 (m, 1H), 4.25 (dd, J = 11.5, 2.5 Hz, 1H), 3.11 (dd, J = 14.1, 2.5 Hz, 1H), 2.59 
(dd. J = 14.1, 11.5 Hz, 1H) 

IR (KBr) 3420, 3360, 3050, 1650, 1615, 1595, 1540 cm' 1 
MS (CI, positive) m/z 446 (MH + ) 

Example 51 

Synthesis of 2-[5-benzyioxycarbonylamino-6-oxo-2-(2-thienyl)-1 ,6-dihydro-1 -pyrimidy!]-N-(1 -benzyl-S.SpS-trifluoro^- 
oxopropyl)acetamide. 

(1) 2-[5-Benzyloxycaitx>nylamino-6-oxo-2-(2-thienyl)-1 ,6-dihydro-1 -pyrimidyl]-N-(1 -benzyl-3,3,3-trrf1uoro-2-hydrox- 
yprdpy1)acetamide was synthesized in the same manner as in Example 1 . That is, [5-benzyloxycaroonylamino-6- 
axo-2-(2-thieny0-1,6-dihydro-1-pyrimidinyl]acetic acid (title compound in Reference Example 19, 2.00 g, 4.84 
mmoi) was treated with 3-amino-1,1,1-trifluoro-4-pheny1-2-butanol (title compound in Reference Example 1, 1.11 
g, 5.06 mmol), WSCI hydrochloride (1 . 1 1 g, 5.79 mmol) and HOBT (1 .31 g, 9.69 mmol) in DMF (20 mL) to give 2.66 
g (94%) of the target compound as pale-yellow crystals. 

mp 228-230°C 

1 H-NMR (500 MHz, DMSO-dg) 6 8.87 (s, 1H), 8.54 (d ( J = 8.9 Hz, 1H), 8.39 (s, 1H), 7.77 (dd, J « 5.1, 1.0 Hz, 
1H), 7.43 (d, J = 7.1 Hz, 2H), 7.39 (t, J = 7.1 Hz, 2H), 7.36-7.19 (m, 6H), 6.98 (dd, J = 5.1. 3.8 Hz, 1H), 6.89 
(m, 1H), 6.76 (d, J - 7.1 Hz, 1H). 5.18 (s. 2H), 4.72 (d, J - 16.8 Hz, 1H), 4.50 (d, J - 16.8 Hz, 1H). 4.23 (m, 
1H), 3.95 (m, 1H), 3.02 (dd, J = 14.1, 2.8 Hz, 1H), 2.75 (dd, J = 14.1, 11.0 Hz, 1H) 
IR (KBr) 3380, 3260, 1705, 1660, 1595, 1525 cm 1 

(2) The hydroxy compound obtained above (1 .80 g, 3.07 mmol) was treated with WSCI hydrochloride (2.94 g, 1 5.3 
mmd) and dichloroacetic acid (0.50 mL, 6.1 mmol) in a mixed solution of DMSO (15 mL) and toluene (15 mL) to 
give 1 .47 g (82%) of the title compound as pale-yellow crystals. 

mp108-111°C 

1 H-NMR (500 MHz, DMSO-d^D 2 0) 6 8.36 (s, 1H), 7.75 (d. J = 5.1 Hz. 1H), 7.43 (d, J = 7.1 Hz, 2H), 7.39 (t. 
J = 7.1 Hz, 2H), 7.34 (t, J = 7.1 Hz, 1 H), 7.29-7.22 (m, 5 H), 6.97 (dd, J = 5.1, 3.8 Hz, 1 H), 6.77 (bps, 1H), 5.1 6 
(S f 2H), 4.73 (d, J o 16.7 Hz, 1H), 4.50 (d. J = 16.7 Hz, 1H), 4.39(dd, J => 11.8, 2.3 Hz, 1H), 3.19 (dd, J « 13.8, 
2.3 Hz. 1H), 2.66 (dd. J= 13.8, 11.8 Hz, 1H) 
IR (KBr) 3280, 1720, 1640, 1595, 1530 cm' 1 
MS (CI, positive) m/z 585 (MH + ) 

Example 52 

Synthesis of 2-[5-amino-6-oxo-2-(2-thienyl)-1 ,6-dihydro-1 -pyrimidyl]-N-(1 -benzyl-3,3,3-trif luoro-2-oxopropyl)aceta- 
mide. 

The title compound was synthesized in the same manner as in Example 26. That is, the title compound in Example 
51 (760 mg, 1.30 mmol) was treated with anisole (0.45 mL, 4.1 mmol) and trifluoromethanesulfonic acid (0.70 mL, 7.9 
mmol) in dichloromethane (15 mL) to give 415 mg (71%) of the title compound as pale-yellow crystals. 

mp 198-201 °C 

1 H-NMR (500 MHz. DMSO-d6+D 2 0) 6 7.60 (d, J = 5.1 Hz, 1H), 7.28-7.22 (m, 6H), 6.91 (dd. J = 5.1. 3.7 Hz, 1H). 
6.64 (brs, 1H), 4.68 (d, J = 16.5 Hz, 1H), 4.43 (d, J = 16.5 Hz, 1H), 4.37 (dd, J = 11.6, 2.4 Hz, 1H), 3.18 (dd, J = 
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13.9, 2,4 Hz, 1H). 2.65 (dd, J = 13.9, 11.6 Hz, 1H) 
IR (KBr) 3400, 3250, 1640, 1605, 1530 cm" 1 
MS (CI. positive) m/z 481 (MH + ) 

Example 53 

Synthesis of 2-[5-[4-(carboxy)benzyloxycai^ ,6-dihydro-1 -pyrimidyf]-N-(1 -benzyl-3,3 ( 3-trif- 

luoro-2-oxopropyl)acetamide. 

(1) 2-(5-Benzyloxycarbonylamino-6-oxo-2-ph^ 

lyl)oxy-3,3,3-trifIuoropropyl]acetamide was synthesized in the same manner as in the synthesis of N-[1 -benzyl-2- 
(tert-butyldimethylsilyl)oxy-3,3,3-trif luoropropyQ-2-chloroacetamide which was an intermediate in Reference Exam- 
ple 8. That is, the target compound in Example 1-(1) (3.50 g, 6.03 mmol) was treated with 2,6-lutidine (1.05 mL, 
9.04 mmol) and tert-butyldimethylsilyl triflate (2.92 mL, 12.7 mmol) in dichloromethane (60 mL) to give 3.94 g (94%) 
of the target compound as a slightly red powder. 

mp 13 1.0-1 39.0°C 

1 H-NMR (300 MHz, DMSOdg) 6 8.84 (s t 1H), 8.42 (s, 1H), 8.27 (d, J = 7.5 Hz, 1H), 7.52-7.11 (m, 15H), 5.19 
(S, 2H), 4.39 (d, J = 2.2 Hz, 2H), 4.25-4.21 (m, 1H), 4.21-4.00 (m, 1H), 2.96-2.92 (m, 1H) t 2.74-2.69 (m, 1H), 
0.89 (s. 9H), 0.08 (s. 6H) IR (KBr) 3330, 3190, 3050, 3000, 2950, 2920, 2880, 2850, 1730, 1720, 1715, 1695, 
1680, 1665, 1650, 1640, 1635, 1605, 1560, 1540, 1535, 1520 cm* 1 

(2) 2-(5-Amino-6K»o-2-pheriyM ,6^ 

propyQacetamide was synthesized in the same manner as in Example 2. That is, the target compound in step (1) 
(3.50 g, 5.04 mmol) was treated under a hydrogen atmosphere in the presence of 10% palladium carbon (350 mg) 
in a mixed solution of ethanol (50 mL) and THF (15 mL) to give 2.22 g (79%) of the target compound as a pale- 
yellow solid. 

mp 142-153°C 

1 H-NMR (300 MHz, DMSO-d 6 ) 6 8.21 (d, J = 7.5 Hz, 1H), 7.46-7.12 (m, 11H), 5.11 (s, 2H), 4.26-4.21 (m, 1H), 
4.13-4.08 (m. 1H), 2.94 (dd, J = 14.8, 2.4 Hz, 2H), 2.71 (dd, J = 14.8, 11.1 Hz, 2H), 0.89 (s, 9H), 0.10 (s, 3H), 
0.09 (s, 3H) 

IR (KBr) 3420, 3290, 3050, 3020, 2950, 2920, 2890, 2850. 1720, 1700, 1680, 1675, 1665. 1660, 1640. 1605, 
1575, 1540; 1535, 1520, 1505 cm" 1 

(3) To an alkoxide solution prepared from sodium hydride (60% in oil, 1.60 g, 40.0 mmol) and allyl alcohol (100 mL) 
was added methyl 4-hydroxymethylbenzoate (3.32 g, 20.0 mmol) under ice-cooling. The resulting mixture was 
stirred at room temperature for 6 h, adjusted with 1N hydrochloric acid to pH 3, and then concentrated under 
reduced pressure. To the residue was added ethyl acetate (1 50 mL), and the mixture was washed successively with 
1N hydrochloric acid, saturated aqueous sodium hydrogencarbonate solution and saturated brine, and dried over 
anhydrous magnesium sulfate. Hie solvent was evaporated under reduced pressure and the residue was sepa- 
rated and purified by silica gel column chromatography (hexane-ethyl acetate, 5:2) to give 3.59 g (93%) of allyl 4- 
hydroxymethylbenzoate as a pale-yellow oil. 

1 H-NMR (300 MHz, CDCI3) 6 8.05 (d, J = 8.0 Hz, 2H), 7.43 (d, J = 8.0 Hz, 2H), 6.11-5.97 (m, 1H), 5.45-5.37 
(m, 1H), 5.31-5.27 (m, 1H), 4.83-4.80 (m, 2H), 4.76 (d, J = 4.7 Hz, 2H) 

IR (neat) 3400, 3080, 2920, 2870, 1930, 1715, 1705, 1700, 1690, 1645, 1635, 1610, 1575, 1505 cm- 1 

(4) To a solution of the target compound in step (2) (500 mg, 2.07 mmol) in dichloromethane (10 mL) were added 
triethylamine (2.30 mL, 0.892 mmol) and triphosgene (150 mg, 0.505 mmol) under ice-cooling. The resulting mix- 
ture was stirred for 30 min, and allyl 4-hydroxymethylbenzoate (1.04 g, 6.28 mmol) was added under ice-cooling. 
The resulting mixture was stirred at room temperature overnight. Ethyl acetate (120 mL) was added, and then the 
mixture was washed with saturated aqueous ammonium chloride solution and saturated brine, dried over anhy- 
drous magnesium sulfate, and concentrated under reduced pressure. To a solution of the residue in THF (5 mL) 
was added a solution (1.0 M, 1.07 mL, 1.07 mmol) of tetrabutylammonium fluoride in THF. The resulting mixture 
was stirred at room temperature for 2 days. Ethyl acetate (150 mL) was added, and then the mixture was washed 
with water and saturated brine, dried over anhydrous magnesium sulfate, and concentrated under reduced pres- 
sure. The residu was separated and purified by silica gel column chromatography (dichlorom thane-ethyl acetate, 
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9:1) to give a colorless solid, which was recrystallized from ethyl acetate-hexane (1 :20) to give 453 mg (76%) of 2- 
[5-[4-(allylCKycartDonyl)benzyloxycarbonyl]amin -6-oxo-2-phenyl-1 ,6-dihydro-1 -pyrimidyf]-N-(1 -benzyl-2-hydroxy- 
3,3,3-trt1luoropropyi)acetamidG as colorless crystals. 

s mp 126.0-1 35.0°C 

1 H-NMR(300 MHz, DMSO-de) 5 9.01 (s, 1H),8.44(s, 1H),8.34(d. J = 8.6 Hz, 0.8H), 8.27 (d, J = 9.2 Hz, 0.2H), 
8.01 (d, J = 8.3 Hz, 2H), 7.60 (d, J = 8.3 Hz, 2H), 7.55-7.09 {m, 10H). 6.79 (d, J = 6.6 Hz, 0.2H), 6.72 (d, J = 
7.0 Hz, 0.8H), 6.12-5.99 (m, 1H) t 5.45-5.42, 5.39-5.36 (m, 1H), 5.22-5.03 (m, 1H), 5.28 (s. 2H), 4.83-4.78 (m, 
2H), 4.42 (d, J = 16.5 Hz, 1H), 4.26 (d. J = 16.5 Hz, 1H), 4.09-4.02 (m, 1H), 3.94-3.87 (m, 1H), 2.92 (dd, J » 

10 14.2, 2.8 Hz, 0.8H), 2.82 (dd, J = 13.9, 7.2 Hz, 0.2H), 2.74 (dd, J = 14.2, 10.2 Hz, 0.8H), 2.65 (dd, J = 13.9, 7.9 

Hz, 0.2H) 

IR (KBr) 3280, 3050, 3020, 2920, 1735, 1715. 1700, 1695, 1660, 1650, 1645, 1635. 1605, 1560, 1545. 1525. 
1520, 1515, 1505 cm" 1 

75 (5) To a solution of the target compound in step (4) (400 mg. 0.602 mmol) in dichloromethane (25 ml_) was added 
Dess-Martin periodinane (510 mg, 1.20 mmol). The resulting mixture was stirred at room temperature overnight, 
and then diluted with ether (20 mL). Saturated aqueous sodium hydrogencarbonate solution (20 mL) containing 
sodium thiosulfate (25 g/100 mL) was added and the mixture was stirred at room temperature for 2 h. The organic 
layer was separated, washed with saturated aqueous sodium hydrogencarbonate solution and saturated brine, 

20 dried over anhydrous magnesium sulfate, and concentrated under reduced pressure. The residue was separated 
and purified by silica gel column chromatography (dichloromethane-ethyl acetate, 4:1) to give 287 mg (72%) of 2- 
[5-[4-(allyloxy<^onyl)benzyloxycail3onyl]amino-6-axo-2-phenyl-1 ,6-dihydro-1 -pyrimidinyl]-N-(1 -benzyl-3,3,3-trif- 
luoro-2-oxopropyl)acetamide as a pale-brown oil. 

25 1 H-NMR (500 MHz, DMSO-ds+D 2 0) 6 8.40 (s, 1H), 8.02 (d, J » 8.2 Hz, 2H), 7.59 (d, J = 8.2 Hz, 2H). 7.53 (t, 

J = 7.4 Hz. 1H), 7.39 (t J = 7.9 Hz, 2H). 7.30 (d. J = 7.3 Hz, 2H), 7.22-7.14 (m. 5H), 6.11-6.00 (m. 1H). 5.45- 
5.35 (m, 1H), 5.33-5.28 (m, 1H), 5.28 (s, 2H), 4.83^4.81 (m, 2H), 4.40 (d, J = 16.4 Hz, 1H), 4.35 (d, J ~ 16.4 
Hz, 1H), 4.27 (dd. J « 11.3, 2.2 Hz, 1H), 3.14 (dd, J « 13.9, 2.2 Hz. 1H), 2.66 (dd, J = 13.9, 11.3 Hz, 1H) 
IR (KBr) 3320. 3290, 3050, 2920, 1715, 1705. 1695, 1665, 1660, 1650, 1635, 1625. 1620. 1615, 1600, 1570, 

30 1565, 1560. 1540, 1520, 1510 cm' 1 

(6) To a solution of the target compound in step (5) (200 mg. 0.302 mmol) in dichloromethane (10 mL) were added 
triphenylphosphine (31.7 mg, 0.121 mmol) and tetraWs(triphenylphosphine)paIladium (69.8 mg, 0.0604 mmol). 
After cooling on an ice bath, pyrrolidine (26.6 jiL, 0.320 mmol) was added and the mixture was stirred for 2 h. The 

35 reaction mixture was diluted with ethyl acetate (20 mL), and then extracted with 15% aqueous sodium hydrogen- 
carbonate solution. The aqueous layer was adjusted with 1 N hydrochloric acid to pH 2 and extracted with dichlo- 
romethane. The extract was dried over anhydrous magnesium sulfate and concentrated under reduced pressure. 
The residue was separated and purified by silica gel column chromatography (dichloromethane-methanol, 19:1- 
9:1-4:1) to give a colorless oil. The oil was dissolved in ethyl acetate (100 mL), washed with water and dried over 

40 anhydrous magnesium sulfate. Concentration under reduced pressure to 2 mL followed by addition of hexane (20 
mL) gave crystals, affording 62.6 mg (33%) of the title compound as a colorless powder. 

mp 202.0-207.0°C 

1 H-NMR (500 MHz, DMSO-de+DgO) 6 8.41 (s. 1H), 7.97 (d, J = 8.3 Hz, 2H), 7.57 (d, J = 8.3 Hz, 2H), 7.53 (t, 
45 J » 7.5 Hz, 1H). 7.38 (t, J = 7.9 Hz. 2H). 7.31 (d, J = 7.3 Hz, 2H), 7.22-7.14 (m, 5H). 5.27 (s, 2H), 4.40 (d. J =* 

16.3 Hz, 1H). 4.34 (d. J = 16.3 Hz. 1H), 4.26 (dd, J = 11.3. 2.2 Hz, 1H), 3.14 (dd, J = 14.2. 2.2 Hz, 1H), 2.66 
(dd, J = 14.2, 11.3 Hz, 1H) 

IR (KBr) 3350, 3250, 3050. 3000, 2900, 2780, 2600, 2450, 2300, 1730, 1715, 1705. 1695, 1685, 1650, 1645, 
1630, 1570, 1560, 1540, 1520, 1510. 1505 cm 1 
so MS (SIMS, positive) m/z 641 (hydrate, MH + ), 623 (MH + ) 

Example 54 

Synthesis of 2-[5-[3-((^rboxy)beruyloxycarbonyl]amino-6-oxo-2-phenyl-1,6-dihydro-1-p 
55 luoro-2-oxopropy!)acetamide. 

(1) A mixture of dimethyl m-phthalate (40.0 g. 0.206 mol) and 1 ,1-dimethylhydrazine (78.3 mL, 1.03 mol) was stirred 
at room temperature for 17 h and refluxed under heating for 21 h. The reaction mixture was concentrated, and the 
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residue was washed with dichloromethane to give a powder, to which were added water (300 mL) and 1 N hydro- 
chloric acid (300 mL). The precipitated solids were collected by filtration, dried under reduced pressure, and recrys- 
tallized from chlorofbrm-methanol (9:1) to give 9.05 g (24%) of 3-methoxycarbonylbenzoic acid as colorless 
crystals. 

mp 178.0-183.5°C 

1 H-NMR (200 MHz, CDd 3 ) 5 8.78 (t, J = 1.6 Hz, 1H), 8.30 (td, J = 7.8, 1.6 Hz, 2H), 7.58 (d, J = 7.8, 1H), 3.97 
(s, 3H) IR (KBr) 3450, 3090. 3000, 2950, 2800, 2650, 2550, 2320, 1725, 1605. 1580 cm" 1 

(2) To a suspension of 3-methoxycarbonybenzoic acid (4.00 g t 27.8 mmol) in THF (100 mL) was added borane- 
dimethylsuffide complex (10 M, 4.44 mL, 44.4 mmol) under ice-cooling. The resulting mixture was stiffed at room 
temperature for 1 7 h. Water (50 mL) was added and the solvent was distilled under reduced pressure to 50 mL The 
resulting suspension was extracted with ethyl acetate, and washed successively with saturated aqueous sodium 
hydrogencarbonate solution and saturated brine, and the organic layer was dried over anhydrous magnesium sul- 
fate. The solvent was concentrated to give 3.50 g (95%) of a colorless oil. The oil was added to an alkoxide solution 
prepared from sodium hydride (60% in oil, 1.68 g, 42.1 mmol) and allyl alcohol (100 mL) under ice-cooling. The 
resulting mixture was stirred at room temperature for 1 7 h, adjusted with 1 N hydrochloric acid to pH 3, and concen- 
trated under reduced pressure. Ethyl acetate (200 mL) was added to the residue and the mixture was washed suc- 
cessively with saturated aqueous sodium hydrogencarbonate solution and saturated brine, and dried over 
anhydrous magnesium sulfate. The solvent was concentrated and the residue was separated and purified by silica 
gel column chromatography (hexane-ethyl acetate, 5:2) to give 2.89 g (71%) of ally! 3-hydrcxymethyIbezoate as a 
colorless oil. 

1 H-NMR (300 MHz, CDCI3) 5 8.06 (s, 1 H), 7.99 (d, J = 7.7 Hz, 1 H), 7.58 (d, J = 7.5 Hz, 1 H), 7.45 (t, J = 7.7 Hz, 
1H), 6.09-6.00 (m, 1H), 5.45-5.37 (m, 1H), 5,32-5.27 (m, 1H), 4.85-4.81 (m, 2H), 4.76 (d, J - 5.7 Hz, 2H) 
IR (neat) 3400. 3080, 3000, 2930, 2880, 1715, 1705, 1695. 1680. 1665. 1660, 1645, 1635, 1610. 1585, 1575 
cm * 1 

(3) 2-[5-[3-(Allylcxycarbonyl)benzylc^^ 

hydroxy-3,3,3-trif luoropropyl)acetamide was synthesized in the same manner as in Example 53. That is, the target 
compound in Example 53-(2) (500 mg, 2.07 mmol) was reacted with triethylamine (2.30 mL 0.892 mmol), triphos- 
gene (150 mg, 0.505 mmol) and allyl 3-hydraxymethylbenzoate (1.04 g, 6.28 mmol) in dichloromethane (10 mL) to 
give an oil. The obtained oil was treated with a solution (1 .0 M, 1 .07 mL 1 .07 mmol) of tetrabutyl ammonium fluoride 
in THF to afford 465 mg (78%) of the target compound as colorless crystals. 

mp 192.0-195.0°C 

1 H-NMR (300 MHz, DMSO-de) 6 9.02 (s, 1H), 8.43 (s, 1H), 8.34 (d. J = 8.6 Hz, 0.8H), 8.27 (d. J = 9.1 Hz. 0.2H). 
8.06 (s, 1H), 7.91 (d, J = 7.8 Hz, 1H) t 7.75 (d, J = 7.8 Hz, 1H), 7.57 (d, J = 7.8 Hz, 1H), 7.58-7.28 (m, 10H), 
6.79 (d, J = 6.6 Hz, 0.2H), 6.72 (d, J = 7.0 Hz, 0.2H), 6.13-5.99 (m, 1H) ( 5.45-5.37 (m, 1H), 5.31-5.23 (m, 1H), 
5.27 (s, 2H), 4.84-4.81 (m, 2H), 4.42 (d, J = 16.5 Hz, 1H), 4.25 (d, J = 16.5 Hz, 1H), 4.11-4.01 (m, 1H), 3.94- 
3.86 (m, 1H). 2.92 (dd, J = 14.2, 2.8 Hz, 0.8H), 2.82 (dd, J = 13.9. 7.2 Hz, 0.2H), 2.74 (dd, J = 14.2, 10.2 Hz, 
0.8H), 2.65 (dd, J = 13.9, 7.9 Hz, 0.2H) 

IR (KBr) 3420, 3370. 3320, 3250, 3080. 3050, 3005, 2920. 1730. 1720, 1705, 1690, 1675. 1660-1645, 1640, 
1635, 1620, 1600, 1595, 1585, 1575, 1560, 1540, 1520-1505 cm 1 

(4) 2-[5-[3-(AIIyloxycarbonyl)benzyloxycarbonyl]amino-6-oxo-2-phenyl-1 ,6-dihydro-1 -pyrimidyl]-N-(1 -benzyl-3,3,3- 
trifiuoro-2-oxopropyl)acetamide was synthesized in the same manner as in Example 33. That is, the target com- 
pound in step (3) (400 mg, 0.602 mmol) was treated with Dess-Martin periodinane (510 mg, 1.20 mmol) in dichlo- 
romethane (25 mL) to give 329 mg (82%) of the target compound as a pale-brown oil. 

1 H-NMR (500 MHz, DMSO-d 6 +D 2 0) 5 8.40 (s, 1H), 8.05 (s, 1H), 7.99-7.96 (m, 1H), 7.75-7.7. (m, 1H). 7.59 (t, 
J = 7.7 Hz, 1 H), 7.55-7.51 (m, 1H), 7.38 (t, J = 8.0 Hz, 2H), 7.32-7.29 (m, 2H). 7.21-7.14 (m, 5H), 6.17-6.10 (m, 
1H), 5.43-5.38 (m ( 1H), 5.32-5.28 (m, 1H) t 5.27 (s, 2H), 4.84-4.81 (m, 2H), 4.40 (d, J = 16.5 Hz, 1H), 4.34 (d, 
J o 16.5 Hz, 1H), 4.26 (dd, J = 1 1 .5, 2.5 Hz, 1H), 3.13 (dd, J =. 14.2, 2.5 Hz. 1 H), 2.66 (dd, J =14.2, 1 1 .5 Hz, 1 H) 
IR (KBr) 3280, 3050, 3010, 2920, 1720-1695, 1670, 1660, 1650-1640, 1630, 1615, 1600, 1565, 1560, 1540, 
1525, 1505 cm* 1 

(5) 2-[5-[3-(Carboxy)benzyloxycarbonyl]amino-6-oxo-2-ph nyl-1,6-dihydro-1-pyrimidyQ-N-{1-b nzyl-3,3,3-trifluoro- 
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2-Qxopropyi)acetamid was synthesized in the same manner as in Example 53. That is, the target compound in 
step (4) (200 mg, 0.302 mmol) was reacted with triphenylphosphine (31 .7 mg, 0.121 mmol), tetrakis(triphenylphos- 
phine)palladium (69.8 mg, 0.0604 mmol) and pyrrolidine (26.6 jiL, 0.320 mmol) in dichloromethane (10 mL) to give 
64.2 mg (34%) of the title compound as a colorless powder. 

mp 21 3.0-21 5.0°C 

1 H-NMR (500 MHz, DMSO-de+^O) & 8.40 (s, 1H), 8.01 (s, 1H), 7.93 (d, J =7.7 Hz, 1H), 7.70 (d, J = 7.7 Hz, 
1H). 7.56 ft J « 7.7 Hz, 1H). 7.52 (d, J - 7.7 Hz, 1H). 7.38 (t, J =* 7.9 Hz. 2H). 7.30 (d, J - 7.6 Hz, 2H), 7.21- 
7.14 (m, 5H), 5.26 (s, 2H), 4.39 (d, J = 16.3 Hz. 1H), 4.34 (d. J = 16.3 Hz, 1H). 4.25 (dd, J = 11.3, 1.9 Hz, 1H), 
3.13 (dd, J = 13.4, 1.9 Hz, 1H). 2.60 (dd, J = 13.4, 11.3 Hz, 1H) 

IR (KBr) 3380, 3250, 3050, 2900, 1735, 1720, 1705, 1690, 1650, 1640, 1635, 1620, 1605, 1565, 1560, 1535. 
1520, 1515, 1505 cm* 1 

MS (SIMS, positive) rrVz 641 (hydrate, MH + ), 623 (MH + ) 
is Example 55 

Synthesis of 2-(5-isopropyloxycaroonylarruno-6-oxo-2^ 
oxopropyl)acetamide. 

To a solution of the title compound in Example 2 (200 mg, 0.452 mmol) in THF (10 mL) were added sodium car- 
bonate (128 mg, 1 .21 mmol) and isopropyl chiorocarbonate (68.8 fiL, 0.605 mmol). The resulting mixture was stirred at 
room temperature for 17 h. Ethyl acetate (70 mL) was added and the mixture was washed with saturated aqueous 
ammonium chloride solution and saturated brine, dried over anhydrous magnesium sulfate, and concentrated under 
reduced pressure. The residue was separated and purified by silica gel column chromatography (chlorofbrm-methanol, 
19:1) to give 167 mg (66%) of the title compound as colorless crystals. 

mp 170.0-172.0°C (decomposition) 

1 H-NMR (500 MHz, DMSO-d6+D 2 0) 6 B.38 (s, 1H), 7.53 (t. J « 7.5 Hz, 1H), 7.38 (t, J - 7.9 Hz, 2H), 7.30 (d, J - 
7.3 Hz, 2H), 7.23-7.13 (m, 5H), 4.89 (m. 1H), 4.39 (d, J = 16.1 Hz, 1H). 4.33 (d, J = 16.1 Hz, 1H), 4.25 (dd, J = 11.3, 
2.0 Hz, 1H), 3.13 (dd, J = 14.1, 2.0 Hz, 1H). 2.60 (dd, J= 14.1, 11.3 Hz, 1H), 1.26 (d. J = 6.3 Hz, 6H) 
IR (KBr) 3420, 3370, 3260, 3050, 3010, 2980, 2920, 2880, 1720 -1700, 1695, 1685, 1680, 1675, 1670. 1660, 
1655-1640, 1635, 1620, 1600, 1575, 1565, 1560, 1545, 1530, 1520, 1505 cm -1 

Example 56 

35 

Synthesis of 2-(5-methoxyoxalylamino-6-axo-2-phenyl-1 ,6-dihydro-1 -pyrimidyl)-N-(1 -benzyl-S.S.S-trif luoro-2-oxopro- 
pyQacetamide. 

The title compound was synthesized in the same manner as in Example 55. That is, the title compound in Example 
40 2 (600 mg, 1.36 mmol) was reacted with sodium carbonate (400 mg, 3.77 mmol) and methyloxalyl chloride (167 y,l_ 
1 .76 mmol) in THF (30 mL) to give 467 mg (65%) of the title compound as pale-yellow crystals. 

mp 21 0.0-21 1.0°C 

1 H-NMR (500 MHz, DMSO<l 6 ) 6 9.66 (s, 1H), 8.73 (s. 1H), 8.19 (d, J = 9.8 Hz, 1H), 7.52 (m. 1H), 7.39-7.32 (m, 
45 4H). 7.21-7.14 (m, 5H), 7.13 (s. 1H). 7.1 1 (s, 1H). 4.41 (d. J = 16.3 Hz, 1H). 4.33 (d, J = 16.3 Hz, 1H), 4.26 (m, 1H), 
3.86 (s. 3H), 3.13 (dd, J = 14.2. 2.4 Hz, 1H), 2.60 (dd, J= 14.2, 1 1.4 Hz, 1H) 

IR (KBr) 3450. 3300, 3050, 2950, 2850, 1760, 1735, 1715, 1705, 1695, 1690, 1675, 1670, 1650, 1620, 1600, 1560, 
1545, 1520, 1505 cm' 1 MS (CI, positive) m/z 531 (MH + ) 

so Example 57 

Synthesis of 2-(5-methoxymalonylamino-6-oxo-2-phenyl-1 ,6-dihydro-1 -pyrimidyl)-N-(1 -benzyl-3,3,3-trifluoro-2-oxopro- 
pyl)acetamide. 

55 The title compound was synthesized in the same manner as in Example 55. That is, the title compound in Example 
2 (600 mg, 1.36 mmol) was reacted with sodium carbonate (400 mg, 3.77 mmol) and methylmalonyl chloride (189 jiL, 
1 .76 mmol) in THF (30 mL) to give 293 mg (40%) of the title compound as pale-yellow crystals. 
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mp 76.5-77.5°C 

1 H-NMR (500 MHz, DMSO-dg) 6 9.84 (s, 1H), 8.80 (s, 1H), 8.15 (d ( J * 9.8 Hz, 1H), 7.50 (m, 1H), 7.35 (t, J = 7.5 

Hz, 2H), 7.30 (d, J = 7.2 Hz, 2H), 7.21-7.14(m, 5H), 7.12 (s, 1H). 7.11 (s, 1H), 4.43 (d. J = 16.2 Hz, 1H), 4.32-4.23 

(m, 2H), 3.70 (s, 2H) f 3.66 (s, 3H), 3.13 (dd, J = 14.2, 2.3 Hz, 1H), 2.60 (dd, J = 14.2, 1 1.4 Hz, 1H) 

IR (KBr) 3280, 3050, 3020, 2950. 1730, 1720, 1700, 1680, 1670, 1650, 1615, 1605, 1580, 1560, 1545, 1520, 1505 

cm* 1 

MS (CI, positive) m/z 545 (MH + ) 
Example 58 

Synthesis of 2-(5-methoxysuccinylamino-6-oxo-2-phenyl-1 ,6-dihydro-1 i3yrimidyl)-N-(1-benzyl-3,3,3-trifluoro-2-oxopro- 
pyl)acetamide. 

The title compound was synthesized in the same manner as in Example 55. That is, the title compound in Example 
2 (600 mg, 1.36 mmol) was reacted with sodium carbonate (400 mg, 3.77 mmol) and methylsuccinyl chloride (217 jiL, 
1 .76 mmol) in THF (30 mL) to give 576 mg (76%) of the title compound as colorless crystals. 

mp 78.5-79.5°C 

1 H-NMR (500 MHz, DMSO-dg) 6 9.52 (s, 1H), 8.75 (s, 1H), 8.15 (d, J = 9.7 Hz, 1H), 7.49 (m, 1H), 7.34 (t, J = 7.8 

Hz, 2H), 7.29 (d. J = 7.3 Hz, 2H), 7.21-7.14 (m, 5H), 7.12 (s. 1H), 7.11 (s, 1H), 4.42 (d, J = 16.1 Hz, 1H), 4.31-4.24 

(m, 2H), 3.59 (s, 3H), 3.14-3.1 1 (m, 1H), 2.77 ft J = 5.6 Hz, 2H), 2.62-2.56 (m, 3H) 

IR (KBr) 3300, 3050, 3020, 2950, 1730, 1720, 1700, 1690, 1650. 1605, 1560, 1550. 1520, 1505 cm' 1 

MS (CI, positive) m/z 559 (MH + ), 527 

Example 59 

Synthesis of 2-(5-methoxygIutaryl)amino-6-oxo-2-phenyl-1 ,6-diliydro-1-pyrimidyl)-N-(1-benzyl-3,3 f 3-trifluoro-2-o«opro- 
pyQacetamide. 

The title compound was synthesized in the same manner as in Example 55. That is, the title compound in Example 
2 (900 mg, 2.03 mmol) was reacted with sodium carbonate (600 mg, 5.66 mmol) and methylglutaryl chloride (364 jiL, 
2.63 mmol) to give 762 mg (66%) of the title compound as a colorless solid. 

mp 74.5-75.5*0 

1 H-NMR (500 MHz, DMSO-de) 6 9.39 (s, 1H), 8.77 (s, 1H), 8.14 (d, J = 9.7 Hz, 1H), 7.50 (m, 1 H), 7.35 (d, J = 8.0 
Hz, 2H), 7.30 (m, 2H), 7.21-7.14 (m, 5H), 7.11 (s, 1H), 7.10 (s, 1H), 4.41 (d, J = 16.6 Hz, 1H) t 4.33 (d,J = 16.6 Hz, 
1H), 4.26 (m, 1H), 3.60 (s. 3H), 3.13 (dd. J = 14.2. 2.4 Hz, 1H). 2.60 (dd, J = 14.2, 11.3 Hz, 1H). 2.52-2.49 (m. 2H), 
2.35 ft J « 6.0 Hz, 2H), 1.81 (m r 2H) 

IR (KBr) 3290, 3050, 3010, 2930, 1720, 1650, 1600, 1560, 1540, 1535, 1520, 1505 cm* 1 
MS (CI, positive) m/z 573 (MH + ) 

Example 60 

Synthesis of 2-(5-hydroxyoxalylamino-6-oxo-2-phenyl-1 ( 6-dihydro-1 -pyrimidyl)-N-(1 -benzyl-3,3,3-trrf luoro-2-oxopro- 
pyl)acetamide. 

To a solution of the title compound in Example 56 (350 mg, 0.660 mmol) in THF (20 mL) was added 0.1N aqueous 
sodium hydroxide solution (6.60 mL). The resulting mixture was stirred at room temperature for 2 h. 1N Hydrochloric 
acid (0.726 mL) was added and the mixture was concentrated under reduced pressure. The resulting suspension was 
extracted with ethyl acetate. The extract was washed with saturated brine and the organic layer was dried over anhy- 
drous magnesium sulfate. The solvent was evaporated under reduced pressure. Recrystallization from ethyl acetate- 
hexane (1 :5) gave 313 mg (92%) of the title compound as pale-yellow crystals. 

mp1 93.0-1 95.0°C 

1 H-NMR (500 MHz, DMSO-<f 6 ) 5 9.54 (s, 1H), 8.76 (s, 1H), 8.19 (d, J = 9.8 Hz, 1H), 7.52 (m, 1H), 7.39-7.32 (m, 
4H), 7.20-7.14 (m, 5H), 7.13 (s, 1H), 7.1 1 (s, 1H), 4.40 (d, J = 16.4 Hz, 1H), 4.34 (d, J = 16.4 Hz, 1H), 4.25 (m, 1H), 
3.13 (dd. J = 14.2, 2.4 Hz. 1H), 2.60 (dd, J = 14.2, 11.4 Hz, 1H) 

IR (KBr) 3400, 3350, 3300, 3050, 3020, 2920, 1730, 1720, 1650, 1620, 1605, 1575, 1560, 1550, 1520, 1505 cm- 1 
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MS (CI, positive) m/z 517 (MH * ), 499. 473 
Example 61 

5 Synthesis of 2-(5-hydroxymalonylamino-6-oxo-2-phenyl-1 ,6-dihydro-1 -pyrimidyI)-N-(1 -benzyl-3,3,3-trif luoro-2-oxopro- 
pyl)acetamide. 

The title compound was synthesized in the same manner as in Example 60. That is, the title compound in Example 

57 (280 mg, 0.514 mmol) was reacted with 0.1N aqueous sodium hydroxide solution (5.14 mL) in THF (15 mL) to give 
10 251 mg (92%) of the title compound as pale-yellow crystals. 

mp 126.0-1 28.0°C 

1 H-NMR (500 MHz, DMSO-d 6 ) 6 13-12 (bs, 1H), 9.81 (s, 1H), 8.81 (s, 1H), 8.15 (d, J = 9.8 Hz, 1H), 7.50 (m, 1H), 
7.35 (t, J - 8.0 Hz, 2H), 7.31 (d, J o 7.1 Hz, 2H), 7.20-7.14 (m, 5H), 7.1 1 (s, 1H), 7.10 (s, 1H), 4.42 (d. J - 16.2 Hz, 
15 1H), 4.31 (d, J = 16.2 Hz, 1H), 4.26 (m, 1H), 3.57 (s, 1H), 3.13 (dd. J = 14.3, 2.3 Hz, 1H), 2.60 (dd, J = 14.3, 11.4 
Hz, 1H) 

IR (KBr) 3300. 3050. 3020, 2950. 2920, 1720, 1705, 1700, 1695, 1685, 1670, 1665, 1650, 1635. 1615, 1600, 1580, 
1560,1545,1520,1505 cm' 1 

20 Example 62 

Synthesis of 2-(5-hydroxysuccinyIamino-6-oxo-2-phenyl-1 ,6-dihydro-1-pyrimidyl)-N-(1 -benzyl-3.3,3-trifluoro-2-Qxopro- 
pyl)acetamide. 

25 The title compound was synthesized in the same manner as in Example 60. That is, the title compound in Example 

58 (360 mg. 0.645 mmol) was treated with 0.1N aqueous sodium hydroxide solution (6.45 mL) in THF (15 mL) to give 
31 1 mg (88%) of the title compound as colorless crystals. 

mp 100.0-101.0°C 

30 1 H-NMR (500 MHz, DMSO-d 6 ) 613-11 .5 (bs, 1H), 9.46 (s, 1 H), 8.76 (s, 1H), 8.14 (d, J = 9.7 Hz, 1 H), 7.49 (m, 1 H), 
7.35 (t. J = 8.0 Hz, 2H). 7.29 (d, J 7.1 Hz. 2H), 7.21-7.14 (m, 5H), 7.13 (s, 1H), 7.11 (s, 1H), 4.42 (d. J - 16.0 Hz, 
1H), 4.30 (d. J = 16.0 Hz, 1H), 4.26 (m, 1H), 3.13 (dd, J = 14.1, 2.2 Hz, 1H) f 2.71 (t, J = 7.2 Hz, 2H), 2.60 (dd, J = 
14.1, 11.4 Hz, 1H), 2.51-2.48 (m,2H) 

IR (KBr) 3250, 3050. 2920. 1730, 1720, 1700. 1690, 1680, 1670, 1660, 1645, 1600, 1560, 1540, 1535, 1515 cm" 1 
35 MS (CI, positive) m/z 545 (MH + ), 527 

Example 63 

Synthesis of 2-(5-benzoylamino-6-oxo-2-phenyl-1 ,6-dihydro-1 -pyrimidyi)-N-(1 -benzyl-3,3,3-trif Iuoro-2-oxopropyl)aceta- 
40 mide. 

The title compound was synthesized in the same manner as in Example 55. That is, the title compound in Example 
2 (300 mg, 0.678 mmoJ) was reacted with sodium carbonate (200 mg, 1.89 mmol) and benzoyl chloride (106 0.908 
mmol) in THF (15 mL) to give 271 mg (73%) of the title compound as colorless crystals. 

45 

mp 225.0-227.0°C 

1 H-IMMR (300 MHz, DMSO-de) 6 9.42 (s, 1H), 8.75 (s, 1H), 8.21 (d, J = 9.7 Hz, 1H), 7.96 (m, 2H), 7.67-7.49 (m, 
4H), 7.38-7.36 (m. 4H), 7.23-7.18 (m, 5H), 7.16 (s. 1H), 7.14 (s. 1H), 4.44 (d. J = 16.6 Hz, 1H), 4.35 (d, J - 16.6 
Hz, 1H),4.27(m, 1H), 3.14 (dd, J = 14.1, 2.1 Hz, 1H),2.61 (dd, J= 14.1, 11.4 Hz, 1H) 
50 IR (KBr) 3380. 3300, 3050, 3020, 2950, 2920, 1740, 1700, 1680, 1650, 1630, 1595, 1580, 1560, 1550, 1540, 1525, 
1515 cm- 1 

MS (CI, positive) m/z 549 (MH + ) 
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Example 64 

Synthesis of 2-(6-oxo-2-phenyl-5-phenylacetylamino-1 ,6-dihydro-1 -pyrimidyl)-N-(1 -benzyl-3,3.3-trifluoro-2-oxopro- 
pyl)ac tamide. 

The title compound was synthesized in the same manner as in Example 55. That is, the title compound in Example 
2 (300 mg, 0.678 mmol) was reacted with sodium carbonate (200 mg, 1.89 mmol) and phenylacetyl chloride (120 jiL, 
0.908 mmol) in THF (30 mL) to give 188 mg (50%) of the title compound as colorless crystals. 

mp 210.0-21 1.0°C 

1 H-NMR (500 MHz, DMSO<l 6 ) 6 9.56 (s, 1H), 8.77 (s. 1H), 8.18 (d, J = 9.5 Hz, 1H) f 7.53-7.12 (m, 17H). 4.41 (d, J 
= 16.5 Hz, 1H), 4.32 (d. J = 16.5 Hz, 1H), 4.25 (m, 1H), 3.84 (s. 2H), 3.13 (dd, J = 14.2, 2.2 Hz, 1H), 2.60 (dd, J = 
14.2,11.3 Hz, 1H) 

IR (KBr) 3450, 3350, 3280, 3050, 3020, 2950, 2920, 1760, 1 700, 1685. 1675, 1650. 1600, 1560, 1550, 1535. 1520, 
1505 cm' 1 

MS (CI, positive) m/z 563 (MH + ) 
Example 65 

Synthesis of 2-(5-cinnamoylamino-6-oxo-2-phenyl-1 ,6-dihydro-1 -pyrimidyl)-N-(1 -benzyl-3,3,3-trif luoro-2-oxopro- 
pyQacetamide. 

The title compound was synthesized in the same manner as in Example 55. That is, the title compound in Example 
2 (300 mg, 0.678 mmol) was treated with sodium carbonate (200 mg, 1.89 mmol) and cinnamoyl chloride (151 mg, 
0.908 mmol) in THF (30 mL) to give 176 mg (45%) of the title compound as pale-yellow crystals. 

mp 238.0-240.0°C 

1 H-NMR (500 MHz, DMSOdg) 6 9.66 (s. 1 H), 8.97 (s, 1 H), 8.18 (d, J - 9.8 Hz, 1 H), 7.65 (m, 2H). 7.59 (d, J « 15.7 
Hz, 1H). 7.52 (m, 1H), 7.48-7. 40 (m, 3H), 7.40-7.34 (m, 3H), 7.34-30 (m, 2H), 7.23-7.15 (m, 5H) ( 4.47 (d f J = 16.3 
Hz, 1H), 4.34 (d, J = 16.3 Hz, 1H), 4.29 (m, 1H), 3.15 (dd.J = 14.1, 2.2 Hz, 1H), 2.62 (dd, J = 14.1, 11.5 Hz, 1H) 
IR (KBr) 3300, 3050. 3020, 1760, 1720, 1705, 1700, 1680. 1675, 1670, 1655, 1645, 1620, 1600, 1575, 1560, 1540, 
1520,1510 cm- 1 

MS (CI, positive) m/z 575 (MH + ) 
Example 66 

Synthesis of 2-(5-benzenesulfonylamino-6-oxo-2-phenyl-1 ,6-dihydro-1 -pyrimidyl)-N-(1 -benzyl-S.S.S-trifluoro^-oxopro- 
pyQacetamide. 

To a solution of the title compound in Example 2 (400 mg, 0.900 mmol) in THF (30 mL) were added pyridine (362 
HU 4.50 mmol) and benzenesulfonyl chloride (138 pi, 1 .08 mmol) under ice-cooling. The resulting mixture was stirred 
at room temperature for 7 h. Benzenesulfonyl chloride (69.0 jiL, 0.540 mmol) was added and the resulting mixture was 
stirred at room temperature for 1 7 h. Benzenesulfonyl chloride (69.0 \iL, 0.540 mmol) was further added, and the mix- 
ture was stirred at room temperature for 8 h. Ethyl acetate (70 mL) was added and the mixture was washed with satu- 
rated aqueous potassium dihydrogenphosphate solution and saturated brine, and dried over anhydrous magnesium 
sulfate. The solvent was concentrated and the residue was separated and purified by silica gel column chromatography 
(dichloromethane-ethyl acetate, 4:3) to give a colorless oil, which was crystallized from ethyl acetate-hexane (1 20) to 
afford 396 mg (75%) of the title compound as a colorless powder, mp 92.0-94.0°C 

1 H-NMR (300 MHz, DMSOdg) 6 10.05 (s, 1H), 8.13 (d, J = 9.7 Hz, 1 H), 7.94-7.90 (m, 2H), 7.87 (s, 1 H), 7.68-7.54 
(m, 3H), 7.51-7.46 (m. 1H), 7.42-7.23 (m, 4H), #20-7.12 (m, 5H). 7.1 1 (s, 1H), 7.10 (s, 1H), 4.35-4.19 (m, 3H), 3.12 
(dd, J = 14.0, 2.2 Hz ( 1H), 2.57 (dd, J = 14.0, 11.4 Hz, 1H) 

IR (KBr) 3300, 3200, 3050, 1760, 1720, 1700, 1680. 1675, 1670, 1650, 1630, 1620, 1600, 1595, 1585, 1560. 1540. 

1530,1520, 1505 cm' 1 

MS (CI, positive) m/z 585 (MH + ) 
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Example 67 

Synthesis of 2-[6-oxo-2-phenyl-5-(p-toluenesulfonyl)amino-1 ,6-di hydro- 1 -pyrimidyl]-N-(1 -benzyl-3,3,3-trifluoro-2-oxo- 
propyQacetamide. 

5 

The title compound was synthesized in the same manner as in Example 66. That is, the title compound in Example 
2 (400 mg, 0.900 mmol) was reacted with pyridine (362 \iL, 4.50 mmol) and p-toluenesulfonyl chloride (412 mg, 2.16 
mmol) in THF (30 mL) to give 399 mg (74%) of the title compound as a colorless powder. 

10 mp91.0-93.0°C 

1 H-NMR (300 MHz, DMSO-d 6 ) 5 9.94 (s, 1H), 8.13 (d, J = 9.7 Hz, 1H), 7.86 (s, 1H), 7.81 (d, J - 8.2 Hz, 2H), 7.48 
(m, 1H) f 7.37 (d, J * 8.2 Hz, 2H), 7.32 (m, 2H), 7.24 (m, 2H), 7.17-7.12 (m, 5H), 7.11 (s, 1H), 7.10 (s. 1H), 4,35- 
4.18 (m, 3H), 3.11 (dd, J = 13.9, 1.6 Hz, 1H), 2.58 (dd, J = 13.9, 11.4 Hz, 1H) 

IR (KBr) 3500, 3300, 3200. 3050, 3020. 2950, 2920, 1760, 1720. 1700, 1685, 1650, 1635, 1625, 1605. 1595, 1580, 
15 1560, 1545, 1535. 1520, 1510 cm* 1 
MS (CI, positive) m/z 599 (MH + ) 

Example 68 

20 Synthesis of 2-(5-methanesulfonylamino-6-oxo-2-phenyl-1 ,6-dihydro-1 i5yrimidyl)-N-(1-benzyl-3,3.3-trffluoro-2-oxopro- 
pyQacetamide. 

The title compound was synthesized in the same manner as in Example 66. That is, the title compound in Example 
2 (400 mg, 0.900 mmol) was reacted with pyridine (362 4.50 mmol) and methanesutfbnyl chloride (140 p-U 1.80 
25 mmol) in THF (30 mL) to give 307 mg (65%) of the title compound as a colorless powder. 

mp 93.0-96.0°C 

1 H-NMR (300 MHz, DMSO-dg) 8 9.27 (s. 1H). 8.19 (d. J =» 9.8 Hz. 1H). 7.95 (s, 1H), 7.54 (m. 1H). 7.40 (m, 2H), 
7.33 (m, 2H), 7.24-7.15 (m, 5H), 7.13 (s, 1H), 7.10 (s, 1H), 4.37 (s t 2H), 4.28 (m, 1H), 3.14 (dd, J = 14.2, 2.0 Hz, 
30 1H), 3.06 (s, 3H), 2.61 (dd, J = 14.2, 11.6 Hz, 1H) 

IR (KBr) 3300. 3200. 3050. 3020, 2920. 1760. 1720, 1700, 1680, 1655, 1635. 1620, 1600, 1560, 1545. 1530. 1520, 
1505 cm 1 

MS (CI, positive) m/z 523 (MH + ), 306 

35 Example 69 

Synthesis of 2-[5-[4-(carboxy)phenylsulfonyl]amino-6-oxo-2-phenyl-1 ,6-dihydro-1 -pyrimidyf]-N-(1 -benzyl-3,3,3-trrf- 
luoro-2-oxopropyl)acetamide. 

40 To a solution of the title compound in Example 2 (400 mg, 0.900 mmol) in THF (30 mL) were added pyridine (362 
HU 4.50 mmol) and 4-(chlorosuHbnyl)benzoic acid (296 mg, 1.35 mmol) under ice-cooling. The resulting mixture was 
stirred at room temperature for 16 h. Saturated aqueous potassium dihydrogenphosphate solution (20 mL) and ethyl 
acetate (30 mL) were added. The aqueous layer was separated and extracted with ethyl acetate. The organic layers 
were combined, washed with saturated brine, and dried over anhydrous magnesium sulfate. The solvent was evapo- 

45 rated and the residue was applied to reversed phase (ODS) column chromatography (methanol-water, 55:45). The elu- 
ate was concentrated to 100 mL under reduced pressure, and then lyophiiized to give a colorless oil, which was 
separated and purified by reversed phase (ODS) high performance liquid chromatography (acetonitrile-water, 50:50- 
80:20) to afford 43 mg (7.6%) of the title compound as a colorless powder and 57 mg (9.9 %) of 2-[5-[4-(methaxycarb- 
onyf)phenylsulfonyl)amino]-6-oxo-2-phenyl-1 ,6-dihydro-1 -pyrimidyI]-N-(1 -benzyl-3,3,3-trif luoro-2-oxopropyl)acetamide 

so as a colorless powder. 

• Title compound 

mp 127.0-1 30.0°C 

55 1 H-NMR (500 MHz, DMSO-de) 8 14-12.5 (bs. 1H), 10.22 (s, 1H), 8.09 (m, 3H), 8.01 (d, J = 6.8 Hz, 2H), 7.91 (s, 
1H), 7.49 (m. 1H), 7.33 (t. J - 7.5 Hz. 2H). 7.29 (m, 2H), 7.15-7.10 (m, 7H), 4.31-4.19 (m, 3H), 3.10 (dd. J = 14.1. 
2.3 Hz, 1H), 2.57 (dd, J = 14.1, 11.1 Hz, 1H) 

IR (KBr) 3350, 3320, 3180, 3030, 2600, 2450, 2300, 1730, 1710, 1700, 1695, 1690, 1680, 1675, 1650. 1640, 1630, 
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1620. 1600, 1570, 1560, 1540. 1525, 1515, 1500 cm ' 1 
MS (CI, positive) mVz 647 (MH + ) 

♦ 2-[5-[4-(Methoxycait>onyl^ ,6-dihydro-1 -pyrimidyI]-N-(1 -benzyl-S.S.S-trifluoro^- 

s oxopropyl)acetamide 

mp 195.0-210.0°C 

1 H-NMR (500 MHz, DMSO<l 5 ) 6 10.24 (s, 1 H), 8.10 (m. 3H), 8.01 (m. 2H), 7.92 (s, 1 H), 7.50 (m, 1 H), 7.34 (m, 2H), 
7.28 (m, 2H), 7.16-7.06 (m, 7H), 4.29 (d. J = 16.4 Hz, 1H), 4.20 (d. J = 16.4 Hz, 1H), 4.19 (m, 1H), 3.88 (s, 3H), 
10 3.10 (dd, J = 14.2, 2.3 Hz, 1H), 2.57 (dd, J = 14.2, 11.3 Hz, 1H) 

IR (KBr) 3280. 3200. 3050, 2950, 1715, 1680. 1670. 1660. 1650. 1640. 1630. 1620. 1600, 1580, 1560, 1540. 1530. 

1520,1515, 1500 cm* 1 

MS (CI, positive) m/z 661 (MH + ) 

is Example 70 

Synthesis of 2-[3-[4-(methoxycarbonyl)benzyloxycarbonyl]amino-2-Qxo-6-phenyl-1 ,2-dihydro-1-pyridyl]-N-(1-benzyl- 
3,3,3-trifluoro-2*oxopropy0acetamide. 

20 (1) 2-(3-Amino-2-oxo-6-phenyl-1 ,2-dihydro-1 -pyridyl)-N-[1 -benzyl^-pert-butyidimethylsilylJoxy-S.S.S-trif luoropro- 
pyljacetamide was synthesized in the same manner as in Example 2. That is, the target compound in Example 13- 

(1) (10.6 g, 15.3 mmof) was reacted under a hydrogen atmosphere in the presence of 10% palladium carbon (2.00 
g) in THF (70 mL) to give 6.97 g (81%) of the target compound as a colorless solid. 

25 1 H-NMR (500 MHz, DMSO-d 6 ) 6 8.1 2 (d, J * 7.4 Hz, 1 H). 7.38 (t ( J - 7.3 Hz, 1 H), 7.31 (t, J = 7.3 Hz, 1 H), 7.28- 

7.18 (m, 5H), 7.15 (d. J = 6.9 Hz, 2H), 6.50 (d, J = 7.4 Hz, 1H), 5.94 (d, J = 7.4 Hz, 1H), 5.13 (s, 2H), 4.36-4.20 
(m, 3H), 4.08 (m, 1H), 2.92 (dd, J = 14.9, 2.3 Hz, 1H), 2.72 (dd, J = 14.9, 11.1 Hz, 1H), 0.90 (s, 9H), 0.10 (s, 
3H), 0.09 (s, 3H) 

IR (KBr) 3380. 3040. 2900, 2830. 1680, 1635, 1590. 1530 cm- 1 

30 

(2) 2-[3-[4-(Methoxycarbonyl)benzylQxycarbonyl]amino-2-oxo-6-phenyl-1 ,2-dhydro-1 -pyridyl]-N-[1 -benzyl -2-(tert- 
butyldimethylsilyl)oxy-3,3,3-trrf luoropropyl]acetamide was synthesized in the same manner as in Example 53. That 
is, the target compound in step (1) (500 mg, 0.893 mmol) was reacted with triethylamine (1 .00 mL, 7.20 mmof), tri- 
phosgene (150 mg, 0.505 mmol) and methyl 4-hydroxymethylbenzoate (450 mg, 2.71 mmol) in dichloromethane 

35 (10 mL) to give 548 mg (81%) of the target compound as pale-yellow crystals. 

mp 79-80°C 

1 H-NMR (500 MHz, DMSO<l 6 ) 5 8.59 (s, 1 H), 8.1 9 (d, J = 7.4 Hz, 1 H), 7.98 (d, J = 8.4 Hz, 2H), 7.88 (d, J = 7.6 
Hz, 1H), 7.59 (t, J o 8.4 Hz, 2H), 7.46 (t, J = 7.5 Hz, 1H), 7.37 (t, J « 7.5 Hz, 2H), 7.31-7.18 (m, 5H), 7.14 (d, J 
40 = 6.8 Hz, 2H), 6.18 (d, J = 7.6 Hz, 1H), 5.28 (s. 2H). 4.36 (d, J = 16.4 Hz, 1H), 4.33 (d, J = 16.4 Hz. 1H), 4.22 

(m, 1H), 4.07 (m, 1H), 3.86 (s,3H), 2.92 (dd, J = 14.9, 2.3 Hz, 1H), 2.70 (dd, J = 14.9, 11.2 Hz, 1H), 0.90 (s, 
9H), 0.08 (s, 6H) 

IR (KBr) 3450, 3350. 3280, 3050, 3000, 2950, 2930, 2880, 2840, 1735, 1720. 1680, 1650, 1645, 1640, 1625, 
1560, 1540,1520, 1510 cm' 1 

45 

(3) 2-[3-[4-(Methoxycaroonyl)benzyloxycarbonyl]amino-2-oxo-6-phenyl-1 ,2-dihydro-1 -pyridyl]-N-(1 -benzyl-2- 
hydroxy-3,3,3-trif luoropropyl) acetamide was synthesized in the same manner as in Example 53. That is, the target 
compound in step (2) (450 mg, 0.598 mmol) was treated with a THF solution (1.0 M, 0.718 mL, 0.718 mmol) of 
tetrabutylammonium fluoride in THF (5 mL) to give 340 mg (89%) of the target compound as pale-yellow crystals. 

50 

mp 21 7.0-2 18.0°C 

1 H-NMR (500 MHz, DMSO-d 6 ) 5 8.60 (s, 1 H), 8.23 (d, J = 8.6 Hz, 1 H), 7.98 (d, J = 8.4 Hz, 2H), 7.89 (d, J = 7.7 
Hz, 1H), 7.59 (d, J = 7.8 Hz, 1H), 7.46 (d, J = 7.8 Hz, 1H), 7.37 (t, J = 7.8 Hz, 2H), 7.28 (d, J = 7.8 Hz, 2H), 
7.24-7. 1 7 (m, 3H), 7.1 1 (dd, J » 1.9, 7.9 Hz, 2H), 6.69 (d, J = 7.0 Hz, 1 H), 6.1 7 (d, J = 7.7 Hz, 1 H), 5.28 (s. 2H), 
55 4.39 (d, J = 1 6.2 Hz, 1 H), 4.22 (d, J - 1 6.2 Hz, 1 H), 4.07 (m, 1 H), 3.92 (m, 1 H), 3.86 (s, 3H), 2.91 (dd, J = 1 4.2, 

2.9 Hz, 1H), 2.76 (dd, J = 14.9. 10.2 Hz, 1H) 

IR (KBr) 3780, 3450. 3380. 3270. 3000, 3020, 2940, 1735, 1725, 1705. 1700. 1695. 1660. 1645, 1640, 1605, 
1595, 1560, 1535, 1520, 1505 cm* 1 
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MS (CI, positive) m/z 638 (MH + ). 472, 253 

(4) To a mixed solution of the target compound in step (3) (300 mg, 0.470 mmol) in DMSO (3 mL) and toluene (3 
mL) were added WSCI hydrochloride (451 mg, 2.35 mmol) and dichloroacetic acid (19.4 jiL). The resulting mixture 
5 was stirred at room temperature for 5 h. Ethyl acetate (100 mL) was added and the mixture was washed with 1N 
hydrochloric acid, saturated aqueous sodium hydrogencarbonate solution and saturated brine, dried over anhy- 
drous magnesium suHate, and concentrated under reduced pressure. The residue was separated and purified by 
silica gel column chromatography (dichloromethane-ethyl acetate, 4:1) to give 176 mg (59%) of the title compound 
as pale-yellow crystals. 

10 

mp1 86.0-1 89.0°C 

1 H-NMR (500 MHz, DMSO-de) 6 8.55 (s, 1 H), 8.08 (d, J « 9.6 Hz, 1H), 7.98 (d, J = 8.5 Hz, 2H), 7.87 (d. J = 7.6 
Hz, 1H), 7.59 (d, J = 8.5 Hz, 2H), 7.45 (t, J = 7.5 Hz, 1H), 7.33 (t, J = 7.5 Hz, 2H), 7.23 (d, J = 7.5 Hz, 2H), 7.21- 
7.15 (m, 3H), 7.10 (s, 1H). 7.05 (s, 1H), 6.14 (d. J = 7.6 Hz, 1H), 5.28 (s. 2H), 4.31 (m, 2H), 4.22 (m. 1H), 3.86 
is (s, 3H), 3.12 (dd, J* 14.2, 2.3 Hz, 1H), 2.62 (dd, J = 14.2, 11.2 Hz, 1H) 

IR (KBr) 3380, 3290, 3070, 3010. 2930, 1715, 1665, 1640. 1600, 1590, 1560, 1520, 1510 cm* 1 
MS (CI. positive) m/z 636 (MH + ). 470, 253 

Example 71 

20 

Synthesis of 2-[3-[4-(carboxy)benzyloxycarbonyl]amino-2-oxo-6-phenyl- 1 ,2-dihydro- 1 -pyridyl]-N-(1 -benzyl-3,3,3-trrf- 
luoro-2-oxopropyl)acetamide. 

To a solution of the title compound in Example 70 (1 10 mg, 0.1 73 mmol) in THF (1 mL) was added an aqueous 
25 solution (0.3 mL) of lithium hydroxide (18.2 mg, 0.433 mmol). The resulting mixture was stirred at room temperature 
overnight. 1 N Hydrochloric acid was added adjust the mixture to pH 3, and then concentrated under reduced pressure. 
The residue was dissolved in ethyl acetate (1 00 ML), and the mixture was washed with water and saturated brine, dried 
over anhydrous magnesium sulfate, and concentrated under reduced pressure. The residue was separated and purified 
by silica gel column chromatography (dichloromethane-ethyl acetate-acetic acid, 7525:1) to give 52 mg (48%) of the 
30 title compound as colorless crystals. 

mp 21 4.0-21 6.0°C 

1 H-NMR (500 MHz, DMSO-d6+D 2 0) & 7.96 (d, J =8.3 Hz, 2H), 7.88 (d, J = 7.7 Hz, 1H). 7.57 (d, J = 8.3 Hz, 2H), 
7.47-7.43 (m, 1H), 7.34 (t, J = 7.8 Hz, 2H). 7.26-7.10 (m, 7H), 6.16 (d, J => 7.7 Hz, 1H), 5.27 (s, 2H), 4.57 (s, 1H), 
35 4.31 (s, 1H), 4.22 (m, 1H), 3.11 (dd, J = 14.3, 2.6 Hz, 1H), 2.61 (dd, J = 14.3, 11.3 Hz, 1H) 

IR (KBr) 3350, 3280, 3080, 2930, 2610, 2500, 2300, 1750, 1735, 1720, 1705, 1695, 1680, 1660, 1635, 1610, 1600, 

1 590, 1 560, 1 535, 1 525. 1 505 cm' 1 

MS (CI, positive) m/z 622 (MH + ), 470, 444, 253 

40 Example 72 

Synthesis of 2^3-[3-(methoxy(^roony0benzyloxycarbonyl]amino-2-oxo-6i3henyl-1 ,2-dihydro-1 -pyridyl]-N-(1 -benzyl- 
3,3,3-trifluoro-2-oxopropyl)acetamide. 

45 (1) 2-[3-[3-(Methoxycarbonyi)benzyloxycarbonyl]amino-2-oxo-6-phenyl-1 ,2-dihydro- 1 -pyridyl]-N-[1 -benzyl-2-(tert- 
butyldimethylsilyl)oxy-3,3 ( 3-trif luoropropyl]acetamide was synthesized in the same manner as in Example 53. That 
is, the target compound in Example 70-(1) (500 mg, 0.893 mmd) was reacted with triethylamine (1.00 mL, 7.20 
mmd), triphosgene (150 mg, 0.505 mmol) and methyl 3-hydroxymethylbezoate (450 mg, 2.71 mmol) in dichlo- 
romethane (10 mL) to give 549 mg (81%) of the target compound as pale-yellow crystals. 

50 

mp 69-71 °C 

1 H-NMR (500 MHz, DMSO-de) 5 8.55 (s, 1H), 8.19 (d, J = 7.4 Hz, 1H), 8.04 (s, 1H), 7.93 (d, J = 7.8 Hz, 1H), 
7.88 (d, J = 7.6 Hz, 1H), 7.74 (d, J = 7.8 Hz, 1H), 7.55 (t, J = 7.8 Hz, 1H), 7.46 (d, J = 7.8 Hz, 1H), 7.37 (t, J = 
7.8 Hz, 2H), 7.31-7.19 (m, 5H), 7.13 (d, J = 8.2 Hz, 2H), 6.18 (d, J «= 7.6 Hz, 1H), 5.27 (s, 2H), 4.39 (d, J = 16.3 
55 Hz, 1H), 4.33 (d t J* 16.3 Hz, 1H), 4.22 (m, 1H), 4.08 (m, 1H), 3.87 (s, 3H), 2.93 (dd, J = 14.9, 2.3 Hz, 1H), 2.70 

(dd, J o 14.9, 11.2 Hz, 1H), 0.90 (s, 9H). 0.08 (s, 6H) 

IR (KBr) 3370, 3290, 3050, 3010. 2930, 2920, 2850, 1720, 1675, 1640, 1600, 1580, 1510 cm" 1 
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(2) 2-[3-[3-(Meth xycaibonyl)benzyloxycarbonyl]amino-2-oxo-6-phenyl-1 ,2-dihydro-1 -pyridyl]-N-(1 -benzyi-2- 
hydroxy-3,3,3-trif luoropropyl)acetamide was synthesized in the same manner as in Example 53. That is, the target 
comp und in step (1) (450 mg, 0.598 mmol) was treated with a THF solution (1.0 M, 0.718 mL, 0.718 mmol) of 
tetrabutylammonium fluoride in THF (5 mL) to give 381 mg (99%) of the target compound as pale-yellow crystals. 

5 

mp 208.0-209.5°C 

1 H-NMR (500 MHz, DMSO-de) 6 8.59 (s, 1H), 8.28 (d, J = 8.6 Hz, 1H), 8.07 (s ( 1H), 7.97 (dt, J =1.9, 7.7 Hz, 
1 H), 7.93 (d, J - 7.6 Hz, 1 H), 7.77 (d, J = 7.8 Hz, 1 H), 7.59 (t, J = 7.7 Hz. 1 H), 7.50 (m, 1 H). 7.40 (t, J - 7.8 Hz, 
2H), 7.31 (d, J = 7.1 Hz, 2H), 7.27-7.20 (m t 5H), 7.15 (m, 1H), 6.21 (d, J = 7.6 Hz, 1H), 5.30 (s, 2H), 4.43 (d, J 
io = 16.3 Hz, 1H), 4.25 (d, J = 16.3 Hz, 1H), 4.10 (m, 1H), 3.96 (m, 1H), 2.95 (dd. J = 14.3, 2.9 Hz, 1H), 2.80 (dd, 

J = 14.3, 10.2 Hz, 1H) 

IR (KBr) 3350, 3250. 3050. 3020, 3000, 2950, 1720. 1675. 1640, 1605, 1590. 1560, 1520 cm -1 
MS (CI. positive) m/z 638 (MH + ), 472, 253 

is (3) 2-[3-[3-(Methoxyrarbonyl)benzyloxycarbonyl]amino-2-oxo-6iDhenyl- 1 ,2-dihydro- 1 -pyridyi]-N-(1 -benzyl-3,3,3- 
trifluoro-2-axopropyQacetamide was synthesized in the same manner as in Example 53. That is, the target com- 
pound in step (2) (74.2 mg, 0.116 mmol) was reacted with Dess-Martin periodinane (98.7 mg, 0.233 mmol) in 
dichloromethane (2 mL) to give 42.6 mg (58%) of the title compound as pale-yellow crystals. 

20 mp 197.0-199.0°C 

1 H-NMR (500 MHz, DMSO-dg) 8 8.51 (s. 1H), 8.08 (d, J = 9.5 Hz, 1H), 8.03 (s. 1H), 7.93 (d, J =7.9 Hz, 2H), 
7.86 (d, J = 7.6 Hz, 1H), 7.74 (d, J= 7.8 Hz, 1H), 7.55 (t, J = 7.8 Hz, 1 H), 7.52-7.40 (m, 1H), 7.33 (t, J =7.9 Hz, 
2H), 7.22 (d, J = 7.2 Hz. 2H), 7.20-7.17 (m, 5H), 6.14 (d, J = 7.6 Hz. 1H), 5.26 (s, 2H), 4.30 (s, 2H), 4.21 (m, 
1H), 3.87 (s, 3H), 3.11 (dd, J = 14.2, 2.2 Hz, 1H), 2.61 (dd, J = 14.2, 11.4 Hz, 1H) 

25 IR (KBr) 3350, 1715, 1660, 1640, 1585, 1540, 1520. 1505 cm' 1 

MS (CI. positive) m/z 636 (MH + ), 508, 470, 253 

Example 73 

30 Synthesis of 2-[3-[3-(cartDOxy)beinzyloxycart>on^ -pyridyl]-N-(1 -benzyl-3,3,3-trif- 

luoro-2-oxopropyl)acetamide. 

The title compound was synthesized in the same manner as in Example 71 . That is, the title compound in Example 
72 (65.9 mg, 0.104 mmol) was treated with an aqueous solution (0.3 mL) of lithium hydroxide (4.79 mg, 0.1 14 mmol) in 
55 THF (1 mL) to give 13 mg (20%) of the title compound as pale-yellow crystals. 

mp 205.0-207.0°C 

1 H-NMR (500 MHz, DMSO-de) 8 8.49 (s, 1H), 8.08 (d, J = 9.5 Hz, 1H), 8.01 (s, 1H), 7.90 (d, J = 7.8 Hz, 2H), 7.87 
(d, J = 7.6 Hz, 1 H), 7.69 (d, J= 7.7 Hz, 1 H), 7.52 (t, J = 7.7 Hz, 1 H), 7.50-7.40 (m ( 1H), 7.33 (t, J =7.8 Hz, 2H), 7.23 
40 (d, J = 7.1 Hz, 2H), 7.20-7.10 (m, 5H). 6.14 (d, J = 7.6 Hz, 1H), 5.25 (s, 2H), 4.30 (s, 2H), 4.21 (m, 1H), 3.1 1 (dd, J 
= 14.2, 2.3 Hz, 1H), 2.61 (dd, J = 14.2, 11.3 Hz, 1H) 

IR (KBr) 3350, 2900, 1720, 1705, 1690, 1680, 1675, 1665, 1660, 1640, 1620, 1585, 1560, 1515, 1505 cm* 1 
MS (CI. positive) m/z 622 (MH + ). 510. 470, 253 

45 Example 74 

Synthesis of 2-[3-[4-(methaxycaifeonyl)ben 
luoro-2-oxopropyl)acetamide. 

so (1) 2-(3-Amino-2-oxo-1 ,2-dihydro-1 -pyridy()-N-[1 -benzyl-2-(tert-butyldime%lsily^^ 

mide was synthesized in the same manner as in Example 2. That is, the target compound in Example 17-(1) (15.0 
g, 24.3 mmol) was reacted under a hydrogen atmosphere in the presence of 10% palladium carbon (2.60 g) in THF 
(120 mL) to give 1 1 .4 g (97%) of the target compound as a colorless solid. 

55 1 H-NMR (500 MHz, DMSO-dg) 5 8.21 (d. J = 7.8 Hz, 1 H), 7.28 (t, J = 7.4 Hz, 2H), 7.25-7.1 7 (m, 3H), 6.58 (dd, 

J = 6.9, 1.6 Hz, 1H), 6.42 (dd, J = 6.9, 1.6 Hz, 1H), 5.96 (t, J = 6.9 Hz, 1H), 5.03 (s, 2H), 4.44 (ABq, J= 15.0 
Hz, 2H), 4.30 (m. 1H), 4.12 (m. 1H). 2.97 (dd. J = 14.3. 2.1 Hz. 1H), 2.72 (dd. J = 14.3, 11.3 Hz, 1H), 0.94 (s, 
9H), 0.22 (s, 3H), 0.12 (s,3H) 
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IR (KBr) 3420, 3300, 3200. 3050, 2900. 2830, 1680. 1640, 1590, 1560. 1530 cm" 1 

(2) 2-[3-[4-(Methoxycartx>nyl)benzylaxycarb ny1]amino-2-oxo-1 ,2-dihydro-1 -pyridyi]-N-(1 -benzyl-2-hydraxy-3.3,3- 
trifluoropropyl)acetamide was synthesized in the same manner as in Example 53. That is, the target compound in 

5 step (1)(1 .00 g, 2.07 mmol) was reacted with triethylamine (2.30 ml_, 16.6 mmol),triphosgene (347 mg, 1.17mmol) 
and methyl 4-hydroxymethylbenzoate (1 .04 g, 6.28 mmol) in dichlorom thane (20 mL) to give a pale-yellow oil (mix- 
ture with methyl 4-hydroxymethyIbezoate). The obtained oil was treated with a THF solution (1 .0 M, 2.48 mU 2.48 
mmd) of tetrabutylammonium fluoride in THF (5 mL) to afford 905 mg (78%) of the target compound as colorless 
crystals. 

10 

mp1 77.5-1 78.5°C 

1 H-NMR (500 MHz, DMSO-de) 6 8.50 (s, 1H), 8.41 (d. J = 8.7 Hz, 1H), 7.97 (d, J « 8.2 Hz, 2H), 7.82 (d, J = 7.2 
Hz, 1H), 7.57 (d, J = 8.2 Hz, 2H), 7.30-7.18 (m, 5H), 7.07 (dd, J = 1.5, 6.9 Hz, 1H), 6.70 (d, J = 6.9 Hz, 1H). 
6.22 (t. J = 7.2 Hz, 1H), 5.26 (s. 2H). 4.58 (d. J - 15.7 Hz, 1H), 4.45 (d t J - 15.7 Hz, 1H), 4.13 (m, 1H), 4.00 
is (m, 1H) f 3.86 (s, 3H) t 2.98 (dd, J = 14.1. 2.7 Hz, 1H), 2.79 (dd, J = 14.1, 10.5 Hz, 1H) 

IR (KBr) 3350, 3280, 3070, 3010, 3000, 2930, 1730, 1720, 1650, 1580, 1560, 1520, 1515, 1505 cm 1 
MS (CI, positive) m/z 562 (MH + ), 396, 369 

(3) 2-[3-[4-(Methcocycarbonyl)benzyloxycarbonyl]amino-2-oxo-1 ,2-dihydro-1 -pyridyl]-N-(1 -benzyl-3,3,3-trif luoro-2- 
20 oxopropyQacetamide was synthesized in the same manner as in Example 53. That is, the target compound in step 

(2) (300 mg, 0.470 mmol) was reacted with Dess-Martin, periodinane (566 mg, 1 .34 mmo!) in dichloromethane (60 
mL) to give 258 mg (86%) of the title compound as slightly red crystals. 

mp131.5-133.0°C 

25 1 H-NMR (500 MHz. DMSO-de) 6 8-49 (s, 1H), 8.20 (d, J - 9.9 Hz, 1H), 7.96 (d. J - 8.2 Hz. 2H), 7.79 (dd, J - 

1.4, 7.3 Hz, 1H), 7.57 (d. J = 8.2 Hz, 2H), 7.26-7.10 (m, 5H), 7.15 (s, 1H), 7.10 (s. 1H), 6.82 (dd, J = 6.9, 1.7 
Hz, 1H), 6.18 (t, J = 7.2 Hz, 1H), 5.25 (s, 2H), 4.61 (d, J = 15.7 Hz, 1H), 4.41 (d. J = 15.7 Hz, 1H), 4.25 (m, 1H), 
3.85 (s, 3H), 3.12 (dd, J « 13.8, 2.5 Hz, 1H), 2.66 (dd, J = 13.8, 11.6 Hz, 1H) 

IR (KBr) 3350, 3290, 3050, 3020. 2990. 2950, 1720, 1715, 1710, 1700, 1695. 1690. 1660. 1650. 1645, 1635, 
30 1630, 1625, 1615, 1580, 1560, 1520, 1515 cm' 1 

MS (CI, positive) m/z 560 (MH + ), 394, 369, 343. 303 

Example 75 

35 Synthesis of 213-[4-(carooxy)benzyloxycarlwnyl]am^ 
propyljacetamide. 

The title compound was synthesized in the same manner as in Example 71 . That is, the title compound in Example 
72 (150 mg, 0.268 mmol) was treated with an aqueous solution (0.5 mL) of lithium hydroxide (25.2 mg, 0.600 mmol) in 
40 THF (2 mL) to give 30 mg (21%) of the title compound as colorless crystals. 

mp 163.0-164.0°C 

1 H-NMR (500 MHz. DMSO-d 6 ) 6 8.46 (s. 1H), 8.20 (d, J = 9.9 Hz. 1H). 7.94 (d, J = 8.3 Hz, 2H) ( 7.79 (dd. J = 1.5. 
7.3 Hz, 1H). 7.54 (d, J = 8.3 Hz, 2H), 7.30-7.10 (m, 5H), 7.16 (s. 1H), 7.10 (s. 1H). 6.82 (dd, J = 6.9, 1.8 Hz, 1H), 
45 6.17 (t, J = 7.1 Hz, 1H). 5.24 (s, 2H), 4.60 (d, J = 15.7 Hz, 1H). 4.41 (d, J = 15.7 Hz, 1H). 4.25 (m, 1H), 3.12 (dd. J 
= 13.9. 2.7 Hz, 1H), 2.66 (dd. J = 13.9, 11.6 Hz, 1H) 

IR (KBr) 3260, 3050, 2950, 2600, 2450, 2300, 1730, 1720, 1700, 1680, 1670, 1650, 1640, 1580, 1560, 1545, 1535. 
1505 cm 1 

MS (CI, positive) m/z 546 (MH + ), 528, 510, 394, 376, 366, 350 

50 

Example 76 

Synthesis of 2-[3-p-(methoxycarbony0benzyloxycarbonyrjamino-2-oxo-1 ,2-dihydro-1 -pyridyO-N-(1-benzyl-3,3.3-trif- 
I uoro-2-oxopropyl)-acetamid e. 

55 

(1) 2-[3-[3<MethO)(ycarbonyl)benzyIoxycarbonyl]amino-2-oxo-1 ,2-dihydro-1 -pyridyl]-N-(1-benzyl-2-hydroxy-3,3,3- 
trif luoropropyi)acetamide was synthesized in th same manner as in Example 53. That is, the target compound in 
Example 74-(1) (1.00 g, 2.07 mmol) was r acted with triethylamine (2.30 mL, 16.6 mmol), triphosgene (347 mg, 
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1.17 mmoi) and methyl 3-hydroxymethylbenzoate (1.04 g, 6.28 mmol) in dichloromethane (20 mL) to give a pale- 
yellow oil (mixture with methyl 3-hydroxymethylbenzoate). The obtained oil was treated with a THF solution (1 .0 M, 
2.48 mL, 2.48 mmol) of tetrabutylammonium fluoride in THF (5 mL) to afford 830 mg (72%) of the target compound 
as colorless crystals. 

mp 172.0-173.0°C 

1 H-NMR (500 MHz, DMSOde) 6 8.45 (s, 1H) ( 8.40 (d ( J = 8.7 Hz, 1H), 8.02 (s, 1H) f 7.92 (d, J = 7.8 Hz, 1H), 
7.82 (dd, J » 7.3, 1.3 Hz. 1H), 7.72 (d, J » 7.7 Hz. 1H). 7.54 (t, J - 7.7 Hz, 1H), 7.29-7.17 (m. 5H), 7.07 (dd. J 
= 1.7, 6.9 Hz, 1 H), 6.69 (d, J = 7.0 Hz, 1 H), 6.22 (t, J = 7.1 Hz, 1H), 5.24 (s, 2H), 4.58 (d, J = 1 5.7 Hz, 1 H), 4.44 
(d, J = 15.7 Hz, 1 H), 4.13 (m, 1H), 3.99 (m, 1 H), 3.86 (s, 3H), 2.97 (dd, J = 14.1, 2.8 Hz, 1H), 2.78 (dd, J = 14.1, 
10.5 Hz, 1H) 

IR (KBr) 3380, 3270, 3060, 3050, 3005. 2995, 2920, 1730, 1715. 1660, 1645, 1585, 1555. 1505 cm" 1 
MS (CI, positive) m/z 562 (MH + ), 396, 369 

(2) 2-[3-[3-(MethoxycaitonyQbenzyloxycarbony0amino-2-oxo-1 ,2<iihydro-1 -pyridyf]-N-(1 -benzyl-3,3,3-trifluon>2- 
oxopropyl)acetamide was synthesized in the same manner as in Example 53. That is, the target compound in step 
(1) (300 mg, 0.470 mmol) was reacted with Dess-Martin periodinane (566 mg, 1.34 mmol) in cfichloromethane (60 
mL) to give 269 mg (90%) of the title compound as slightly red crystals. 

mp1 16.5-1 18.0°C 

1 H-NMR (500 MHz, DMSOd 6 ) 8 8.44 (s, 1H), 8.20 (d, J = 9.8 Hz, 1H), 8.01 (s, 1H), 7.92 (d, J = 7.8 Hz, 1H), 
7.78 (dd, J = 1 .4, 7.3 Hz, 1 H), 7.71 (d, J = 7.7 Hz, 1 H), 7.54 (t, J = 7.7 Hz, 1 H), 7.25-7.13 (m, 5H), 7.15 (s, 1H), 
7.10 (s, 1 H), 6.82 (dd, J = 6.9. 1 .7 Hz, 1 H), 6.18 (t. J = 7.2 Hz, 1 H), 5.23 (s, 2H). 4.60 (d, J = 1 5.7 Hz, 1 H), 4.41 
(d, J =* 15.7 Hz, 1H), 4.25 (m, 1H), 3.86 (s, 3H),3.12 (dd, J = 13.9, 2.5 Hz, 1H), 2.65 (dd, J = 13.9, 11.6 Hz, 1H) 
IR (KBr) 3520, 3350, 3300, 3200, 3090, 3080, 3010. 2930. 2840, 1730, 1720, 1680, 1645, 1600, 1560, 1545, 
1525, 1520, 1510 cm* 1 

MS (CI, positive) m/z 560 (MH + ), 394, 366, 343 
Example 77 

Synthesis of 2-[3-[3-(carboxy)berTzyloxycarbonyl]amino-2-oxo-1 ,2-dihydro-1 -pyridyl]-N-(1 -benzyl-3,3,3-trifluoro-2-oxo- 
propyQacetamide. 

The title compound was synthesized in the same manner as in Example 71 . That is, the title compound in Example 
72 (150 mg, 0.268 mmol) was treated with an aqueous solution (0.5 mL) of lithium hydroxide (25.2 mg, 0.600 mmol) in 
THF (2 mL) to give 50 mg (34%) of the title compound as colorless crystals. 

mpl 37.0-1 38.5°C 

1 H-NMR (500 MHz, DMSO-d 6 ) 5 14-1 1.5 (bs. 1H), 8.43 (s, 1H) ( 8.19 (d, J = 9.8 Hz, 1H), 7.90 (d, J « 7.8 Hz, 1H). 
7.78 (dd, J = 1.5, 7.4 Hz, 1H) t 7.67 (d, J = 7.7 Hz, 1H), 7.51 (t, J = 7.7 Hz, 1H), 7.25-7.15 (m, 5H), 7.16 (s, 1 H), 7.10 
(s, 1H), 6.82 (dd, J = 6.9, 1.7 Hz, 1H), 6.17 (t, J = 7.21 Hz, 1H), 5.22 (s, 2H), 4.59 (d, J = 15.7 Hz, 1H), 4.40 (d, J = 
15.7 Hz, 1H), 4.24 (m, 1H), 3.1 1 (dd, J = 13.8, 2.6 Hz, 1H), 2.64 (dd, J = 13.8, 11.6 Hz, 1H) 
IR (KBr) 3500, 3360. 3300. 3200. 3050. 1730, 1680, 1675, 1665. 1645. 1635. 1595. 1580. 1575. 1510, 1505 cm- 1 
MS (CI, positive) m/z 546 (MH + ), 528, 394, 376 

Exam ple 78 

Synthesis of 2-(5-acetyIamino-6-axo-2-phenyl-1 ,6-dihydro-1-pyrimidyl)-N-(1 -benzyl-3,3,3-trifluoro-2-oxopropyl)aceta- 
mida 

The title compound was synthesized in the same manner as in Example 55. That is, the title compound in Example 
2 (559 mg, 1.26 mmol) was reacted with sodium carbonate (372 mg, 3.51 mmol) and acetyl chloride (0.10 mL, 1.4 
mmol) in THF (10 mL) to give 509 mg (83%) of the title compound as colorless crystals. 

mp 110-1 12°C 

1 H-NMR (500 MHz, DMSO-d 6 +D 2 0) 5 8.73 (s, 1H), 7.53 (t, J - 7.5 Hz, 1H), 7.38 (t, J - 7.5 Hz, 2H), 7.29 (d, J - 
7.5 Hz, 2H), 7.23-7.13 (m, 5H), 4.42 (d. J = 15.9 Hz. 1H). 4.33 (d. J = 15.9 Hz. 1H), 4.26 (dd. J = 11.5. 2.2 Hz. 1H), 
3.13 (dd, J = 13.9, 2.2 Hz, 1H), 2.59 (dd, J = 13.9. 1 1.5 Hz, 1H). 2.15 (s, 3H) 
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IR (KBr) 3300. 1640, 1515 cnf 1 
MS (SIMS, positive) m/z 487 (MH + ) 

Example 79 

5 

Synthesis of 2^2-(44luorophenyl)-5-methoxysucdnylamino-6-oxo-1 ,6-dihydro-1 -pyrimidyi]-N-(1 -benzyl-3,3,3-trif luoro- 
2-oxopropyOacetanriide. 

The title compound was synthesized in the same manner as in Example 55. That is, the title compound in Example 
10 4 (600 mg, 1 .30 mmol) was reacted with sodium carbonate (384 mg, 3.62 mmol) and methylsuccinyl chloride (0.18 mL, 
1 .5 mmol) in THF (12 mL) to give 736 mg (98%) of the title compound as a colorless amorphous. 

1 H-NMR (500 MHz, DMSO-d6+D 2 0) b 8.73 (s, 1H), 7.34 (dd, J = 8.5, 5.5 Hz, 2H), 7.22-7.12 (m, 7H), 4.45 (d f J = 
16.5 Hz, 1H), 4.27 (m, 1H), 4.25 (dd, J = 11.3, 2.1 Hz, 1H), 3.60 (s, 3H), 3.12 (dd. J « 14.2, 2.1 Hz. 1H), 2.76 (t J 
15 * 7.3 Hz, 2H), 2.62-2.54 (m, 3H) 

IR (KBr) 3300, 1720, 1655, 1645, 1605, 1525, 1500 cm 1 

Example 80 

20 Synthesis of 2-[2-(4-f luorophenyl)-5-hydroxysuccinylarnino-6-oxo-1 ,6-dihydro-1 -pyrimidyl]-N-(1 -benzyl-3.3 t 3-trif luoro- 
2-oxopropyl)acetamide. 

The title compound was synthesized in the same manner as in Example 60. That is, the title compound in Example 
79 (347 mg, 0.602 mmol) was reacted with 0.1N aqueous sodium hydroxide solution (10 mL) in THF (10 ml) to give 
25 295 mg (87%) of the title compound as colorless crystals. 

mp 140-147°C 

1 H-NMR (500 MHz, DMSO-ds+D 2 0) 5 8.75 (s, 1H). 7.35 (dd, J = 8.5. 5.5 Hz, 2H), 7.22-7.12 (m, 7H), 4.45 (d, J - 
16.2 Hz, 1H). 4.27 (m. 1H), 4.25 (dd. J = 11.5. 2.0 Hz, 1H) ( 3.12 (dd, J = 13.9, 2.0 Hz. 1H), 2.71 (t. J = 6.3 Hz, 2H), 
30 2.59 (dd, J = 13.9, 1 1 .5 Hz, 1 H), 2.51 (t, J = 6.3 Hz, 2H) 

IR (KBr) 3320. 3280, 3060, 1680, 1655. 1645. 1600. 1540. 1520 cm' 1 
MS (SIMS, negative) m/z 561 [(M-H) + ] 

Example 81 

35 

Synthesis of 2^5-methoxysuccirTylamino-6-oxo-2-(m-tolyl)-1 ,6-dihydro-1 -pyrimidyl]-N-(1 -benzyl-S.S.S-trif luoro-2-oxo- 
propyl)acetamide. 

The title compound was synthesized in the same manner as in Example 55. That is, the title compound in Example 
40 8 (350 mg, 0.763 mmol) was reacted with sodium carbonate (226 mg, 2.13 mmol) and methylsuccinyl chloride (0.1 1 
mL, 0.89 mmol) in THF (8 mL) to give 250 mg (57%) of the title compound as a colorless amorphous. 

1 H-NMR (500 MHz, DMSO-d6+D 2 0) 6 8.72 (s, 1H). 7.34 (d, J = 7.8 Hz. 1H), 7.24 (t, J = 7.8 Hz, 1H), 7.21-7.12 (m, 
6H), 7.05 (d, J = 7.8 Hz, 1H), 4.38 (brs, 2H), 4.21 (dd, J = 11.6, 2.4 Hz. 1H), 3.60 (s, 3H), 3.12 (dd, J = 14.2, 2.4 
45 Hz, 1 H), 2.76 (t, J » 7.1 Hz, 2H). 2.63-2.55 (m. 3H). 2.31 (s, 3H) 
IR (KBr) 3250. 1720, 1645, 1510 cm -1 

Example 82 

so Synthesis of 2-[5-hydroxysuccinylamino-6-oxo-2-(m-tolyl)-1 ,6-dihydro-1 -pyrimidyI]-N-(1 -benzyl-3,3,3-trif luoro-2-oxo- 
propyQacetamide. 

The title compound was synthesized in the same manner as in Example 60. That is, the title compound in Example 
81 (203 mg, 0.355 mmoQ was reacted with 0.1N aqueous sodium hydroxide solution (5 mL) in THF (5 mL) to give the 
55 title compound (quant.) as a colorless amorphous. 

1 H-NMR (500 MHz. DMSOdg) 5 12.13 (brs. 1H). 9.47 (s, 1H), 8.76 (s. 1H). 8.16 (d, J = 9.7 Hz. 1H). 7.31 (d. J = 
7.7 Hz, 1H), 7.23-7.10 (m, 9H), 7.06 (d, J = 7.6 Hz, 1H), 4.37 (brs. 2H), 4.21 (m. 1H), 3.12 (dd, J = 14.0. 2.1 Hz, 
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1H), 2.71 (t, J = 7.1 Hz, 2H), 2.59 (dd. J = 14.0. 11.2 Hz, 1H). 2.49 (t J = 7.1 Hz. 2H), 2.30 (s, 3H) 
Example 83 

5 Synthesis of 2-[5-amino-6-oxo-2-(m-t lyl)-1 ,6-dihydro-1 -pyrimidinyl)-N-[1 -benzyl-3,3-difluoro-2-oxo-3-tN-(carboxyme- 
thyf)carbamoyl]propy[]acet amide. 

(1) To a solution of DL-phenylalanine (25.26 g, 0.1529 mol) in 1 ,4-dioxane (300 mL), 1 N aqueous sodium hydroxide 
solution (153 ml_) and water (153 mL) was added dropwise di-tert-butyi dicarbonate (39 mL t 0.17 mol) under ice- 

w cooling. The resulting mixture was allowed to warm to room temperature with stirring for 21 h, and concentrated to 
ca. 200 mL. Ethyl acetate (450 mL) was added to the concentrate and then citric acid was added under ice-cooling 
to adjust the pH to 3. The organic layer was separated, and the aqueous layer was further extracted with ethyl ace- 
tate. The combined organic layers were washed with water, dried over anhydrous sodium sulfate, and concentrated 
under reduced pressure. The residue was crystallized from ethyl acetate-hexane to give 35.42 g (87%) of N-tert- 

15 butoxycarbonyl-DL-phenyla!anine as colorless crystals. 

(2) To a solution of the target compound in step (1) (10.37 g, 39.08 mmol) in dichloromethane (300 mL) were added 
triethylamine (5.6 mL 40 mmol), benzotriazol-1 -yioxytris(di methyl am ino)phosphonium hexafluorophosphate 
(17.33 g, 39.18 mmol), N.O-dimetryihydroxylamine hydrochloride (4.23 g, 43.4 mmol) and triethylamine (6.0 mL, 
43 mmol). The resulting mixture was stirred at room temperature for 3 h. Triethylamine (2.1 mL p 15 mmol) was 

20 added, and after 25 min, triethylamine (1.0 mL, 7.2 mmol) was again added. The mixture was stirred for 10 min, 
diluted with dichloromethane (1000 mL), washed successively with 3N hydrochloric acid, saturated aqueous 
sodium hydrogencarbonate solution and saturated brine, dried over anhydrous magnesium sulfate, and concen- 
trated under reduced pressure. The residue was separated by silica gel column chromatography (ethyl acetate- 
hexane, 1:1) and further recrystallized from ethyl acetate-hexane to give 10.17 g (84%) of r^-tert-butoxycarbonyl- 

25 DL-phenylalanine-N-methaxy-N-methylamtde as colorless crystals. 

(3) To a mixed solution of the target compound in step (2) (10.01 g, 32.46 mmol) in ether (325 mL) and THF (100 
mL) was added lithium aluminum hydride (1 .54 g, 40.6 mmol). The resulting mixture was stirred at room tempera- 
ture for 40 min and cooled with ice. An aqueous solution of potassium hydrogensulfate (7.74 g/1 60 mL) was added. 
The mixture was stirred for 40 min and diluted with ether (400 mL). The organic layer was separated, and the aque- 

30 ous layer was further extracted with ether. The organic layers were combined and washed successively with 3N 
hydrochloric acid, saturated aqueous sodium hydrogencarbonate solution and saturated brine, and dried over 
anhydrous magnesium sulfate. Evaporation of the solvent under reduced pressure gave 7.36 g (91%) of N-tert- 
butoxycarbonyl-DL-phenylalaninal as a colorless solid. 

(4) To a mixture of activated zinc powder (4.76 g, 72.8 mmol) and THF (15 mL) was added dropwise a solution of 
35 the target compound in step (3) (7.23 g, 29.0 mmol) and ethyl bromodif luoroacetate (9.3 mL, 73 mmol) in THF (65 

mL) over 10 min with ultrasonication. The resulting mixture was ultrasonicated with occasional stirring for 27 min, 
refluxed under heating for 7 min and cooled with ica 1N Aqueous potassium hydrogensulfate solution (100 mL) 
was added and the mixture was diluted with 1N aqueous potassium hydrogensulfate solution (200 mL) and then 
extracted with dichloromethane. The extract was washed with saturated brine, dried over anhydrous magnesium 
40 sulfate and concentrated under reduced pressure. The residue was separated and purified by silica gel column 
chromatography (hexane-ethyl acetate, 65:35) and silica gel column chromatography (hexane-ethyl acetate, 2:1) to 
give 3.38 g (31%) of ethyl 4(S*)-[(tert-butoxycart)ony0ami^ as a 

colorless solid. 

(5) To a solution of the target compound in step (4) (2.14 g, 5.74 mmol) in THF (12 mL) was added dropwise 1N 
46 aqueous sodium hydroxide solution (5.9 mL). The resulting mixture was stirred at room temperature for 2.5 h, and 

THF was evaporated under reduced pressure. The obtained aqueous solution was diluted with water (10 mL), and 
then lyophilized to give 2.14 g (100%) of sodium 4(S*)-[(tert-butoxycartx)nyl)amir»o]-2-2-drfluoro-3(R*)-hydroxy-5- 
phenyipentanoate as a slightly yellow solid. 

(6) To a solution of the target compound of step (5) (1.62 g, 4.43 mmol), HOBT (1.21 g, 8.97 mmol) and glycine 
so benzyl ester p-toluenesulfonate (1.51 g, 4.46 mmol) in DMF (20 mL) were added N-ethyfmorphoiine (0.57 mL, 4.5 

mmol) and WSCI hydrochloride (907 mg, 4.73 mmol). The resulting mixture was stirred at room temperature for 19 
h, diluted with water, and then extracted with ethyl acetate. The extract was washed successively with saturated 
aqueous sodium hydrogencaibonate solution, 10% aqueous citric acid solution and saturated brine, dried over 
anhydrous magnesium sulfate and concentrated under reduced pressure. The residue was separated and purified 
55 by silica gel column chromatography (hexane-ethyl acetate, 3:2) to give 1 .51 g (69%) of benzyl 2-[4(S*)-[(tert-butox- 
yc^ony0amino]-2-2<Iifluoro-3(R*)-r^droxy-5i3henylpentanoy1amino]acetate as a colorless oil. 

(7) To a solution of the target comp und in step (6) (1 .47 g, 2.99 mmol) in 1 ,4-dioxane (5 mL) was added a solution 
(5.3N, 20 mL) of hydrogen chloride in 1 ,4-dioxane. The resulting mixtur was stirred at room temperature for 30 min 
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and then concentrated under reduced pressure. The residue was crystallized from ether to give 1.40 g (96%) of 
benzyl 2-[4(S^-amino-2-2^ifluoro-3(R*)^^ydroxy-5-phenyipentanoylamino]acetate hydrochloride as a colorless 
solid. 

1 H-NMR (300 MHz, DMSO-dg) 6 9.44 (brs. 1 H), 8.07 (brs, 3H), 7.43-7.23 (m, 1 1 H). 5. 16 (s, 2H), 4.00 (brs, 2H) f 
3.97-3.87 (1H), 3.68 (dd. J = 9.8, 4.5 Hz f 1H). 3.10 (dd. J = 13.5, 4.7 Hz, 1H), 2.89 (dd. J = 9.8. 4.5 Hz) 
IR (KBr) 3150, 2900, 1745, 1670, 1560 cm 1 

(8) In the same manner as in Example 1, [5-benzyloxycarb()nylamino-6-oxo-2-(m-to^^ 
nyljacetic acid (title compound in Reference Example 5, 653 mg, 1.66 mmol) and the target compound in step (7) 
(710 mg, 1 .66 mmol) were subjected to amide bond formation followed by oxidation. The compound obtained was 
deprotected in the same manner as in Example 2 to give the title compound as a pale-brown solid. 

mp128-132°C 

1 H-NMR (500 MHz, DMSO-d 6 ) 5 9.41 (t, J = 5.6 Hz, 1H), 8.93 (d, J = 7.1 Hz, 1H), 7.31 (s, 1H), 7.28-7.05 (m, 

9H), 5.13 (brs, 2H), 4.93 (m, 1H), 4.41 (d, J = 16.5 Hz, 1H), 4.35 (d, J = 16.6 Hz, 1H), 3.81 (d. J = 5.7 Hz, 2H), 

3.17 (dd, J - 14.2, 3.8 Hz, 1H), 2.71 (dd, J = 14.3. 9.8 Hz, 1H), 2.29 (s, 3H) 

IR (KBr) 3250, 3000, 2900, 1645, 1600, 1520 cnf 1 

MS (SIMS, positive) m/z 560 (hydrate, MH + ), 542 (MH + ) 

Example 84 

Synthesis of 2l5-amino-6-axo-2-(m-toly|)-1 t 6-cflhydro-1 -pyrimidinyi]-N-[1 -benzyl-3,3Kiifluoro-2-axo-3-lN-(carboxye- 
tliyOcarbamoyl]propyl]acetamide. 

(1) In the same manner as in Example 83-(6) except for using p-alanine benzyl ester p-toluenesulfonate instead of 
glycine benzyl ester p-toluenesuHbnate, 871 mg (78%) of benzyl 3-[4(S0-[(tert-butoxycarbonyl)amino]-2-2-dif luoro- 
3(R*)-hydroxy-5-phenylpentanoylamino]propionate was obtained as a colorless oil. 

(2) In the same manner as in Example 83-(7), 740 mg (1 00%) of benzyl 3-[4(S*)-amino-2-2-difluoro-3(R*)-hydroxy- 
5-phenylpentanoylaminolpropionate hydrochloride was obtained as a pale-yellow solid from the target compound 
in step (1). 

1 H-NMR (300 MHz, DMSOd 6 ) 6 9.07 (t, J 5.3 Hz, 1H), 8.10 (brs, 3H), 7.44-7.24 (m, 10H), 7.18 (brs, 1H), 
5.09 (s, 2H), 3.93 (t, J = 12.9 Hz, 1H). 3.61 (dd. J = 9.7, 4.5 Hz, 1H), 3.39 (m. 2H), 3.10 (dd, J « 13.5, 4.6 Hz. 
1H), 2.88 (dd, J = 13.4, 10.3 Hz, 1H) t 2.59 (t, J = 7.0 Hz, 2H) 
IR (KBr) 3400, 3150, 3000, 2900, 1715. 1680, 1540 cm* 1 

(3) In the same manner as in Example 1, [5-benzyloxycarbonylamino-6-axo-2-(m^ 

nyQacetic acid (title compound in Reference Example 5, 629 mg, 1.60 mmol) and the target compound in step (2) 
(705 mg, 1.59 mmol) were subjected to amide bond formation followed by oxidation. The compound obtained was 
deprotected in the same manner as in Example 2 to give the title compound as a slightly brown solid . 

mp> 1 52°C (decomposition) 

1 H-NMR (500 MHz, DMSO-d 6 ) 6 9.18 (brs, 1H), 8.81 (d, J = 7.3 Hz, 1H), 7.36-7.03 (m, 9H), 5.13 (brs, 2H). 4.94 

(m, 1H), 4.41, 4.36 (ABq, J = 16.5 Hz. 2H). 3.33 (m, 2H), 3.15 (dd, J » 14.3. 3.8 Hz, 1H), 2.71 (dd, J= 14.2, 9.5 

Hz. 1H), 2.33 (t J = 7.3 Hz. 2H), 2.29 (s. 3H) 

IR (KBr) 3275. 3050, 2900, 1645, 1600, 1530 cnV 1 

MS (SIMS, positive) m/z 574 (hydrate, MH + ), 556 (MH + ) 

Examples 85-93 

The corrpounds shown in Tables 6-7 were synthesized in the same manner as in Examples 83 and 84. 
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Example 94 

Synthesis of 2-[5-ben2yioxycarbonyiamino-6-oxo-2-(m-tolyl)-1 ,6-dihydro-1 -pyrimidinyl]-N-[1 (S)-benzyl-3,3-dif luoro-2- 
oxo-3-(ethoxycarbonyl)propyt]acetamide. 

(1) Ethyl 4(S)-amino-2,2-difluoro-3(R)-hydroxy-5-phenylpentanoate hydrochloride was synthesized in the same 
manner as in Example 83-(7). That is, ethyl 4(S)-[(tert4xitoxycarbony0amino]-^^ 

nylpentanoate (an intermediate in Reference Example 6, 908 mg, 2.43 mmol) was treated with a solution of hydro- 
gen chloride in 1,4-diaxane (4N, 6 mL) to give 750 mg (100%) of the target compound as a colorless solid. 

(2) To a solution of [5-benzyloxycarbonylamino-6-oxo-2-(m^ acid (title com- 
pound in Reference Example 5. 950 mg, 2.41 mmol), the target compound in step (1) (748 mg, 2.41 mmol) and 
HOBT monohydrate (651 mg, 4.82 mmol) in DMF (10 mL) were added triethylamine (0.40 mL, 2.9 mmol) and WSCI 
hydrochloride (508 mg, 2.65 mmol). The resulting mixture was stirred at room temperature for 17 h, poured into 
0.5N hydrochloric acid (60 mL), and then extracted with ethyl acetate. The extract was washed with saturated aque- 
ous sodium hydrogencarbonate solution and saturated brine, dried over anhydrous magnesium sulfate and con- 
centrated under reduced pressure. The residue was separated and purified by silica gel column chromatography 
(chlorofbrm-methanol, 98:2) to give 1.77 g (96%) of 2-[5-benzylaxycanbonylamino-6-oxo-2-(m-to^ 
pyrimidinyl]-N-[1(S)-benzyt-3 t 3-difluoro-2^^ as a colorless solid. 

(3) In the same manner as in Example 53, the target compound in step (2) (1.70 g, 2.21 mmol) was treated with 
Dess-Martin periodinane (1.49 g, 3.51 mmol) in dichloromethane (20 mL) to give 1.30 g (91%) of the title com- 
pound as colorless crystals. 

mp 138-140°C 

^-NMR (500 MHz, DMSO-de) 6 8.95 (d f J =* 6.8 Hz, 1H), 8.88 (s, 1H), 8.42 (s, 1H), 7.44 (d, J = 7.1 Hz, 2H), 
7.39 (t, J - 7.1 Hz, 2H), 7.36-7.17 (m, 10H), 5.19 (s, 2H), 4.86 (m, 1H), 4.48 (d, J - 16.6 Hz, 1H), 4.41 (d, J - 
16.6 Hz, 1H), 4.25 (q. J = 7.1 Hz. 2H), 3.09 (dd, J = 14.2, 5.0 Hz, 1H), 2.79 (dd. J = 14.2, 9.0 Hz. 1H), 2.32 (s, 
3H), 1.16 (t, J = 7.1 Hz, 3H) 

IR (KBr) 3290, 3020, 2920, 1775, 1725, 1655, 1595, 1515 cm" 1 
MS (SIMS, positive) m/z 6147 (MH + ) 

Example 95 

Synthesis of 2-[5-benzyloxycarbonylamino-6-oxo-2-(m-tolyl)-1 ,6-dihydro-1 -pyrimidinyf]-N-[1 (S)-benzyl-3,3-drfluoro-2- 
oxo-3-carboxypropyl]acetamide. 

The title compound was synthesized in the same manner as in Example 60. That is, the title compound in Example 
94 (200 mg, 0.309 mmol) was reacted with 0.1 N aqueous sodium hydroxide solution (4 mL) in THF (4 mL) to give 171 
mg (89%) of the title compound as colorless crystals. 

mp109-113°C 

^-NMR (500 MHz, DMSO-d 6 ) 5 8.88 (s, 1H), 8.84 (d ( J = 7.3 Hz, 1H), 8.42 (s, 1H), 7.44 (d, J = 7.1 Hz, 2H), 7.39 
(t, J = 7.1 Hz, 2H), 7.36-7.17 (m, 10H), 5.18 (s, 2H), 4.94 (m, 1H), 4.43 (m, 2H), 3.13 (dd, J « 14.3, 4.1 Hz, 1H), 
2.75 (dd. J = 14.3, 9.4 Hz, 1H), 2.31 (s. 3H) 
IR (KBr) 3350, 3020, 1720, 1655, 1505 cm' 1 
MS (SIMS, positive) m/z 619 (MH + ) 

Examnle 96 

Synthesis of 2-[5-arnino-6-oxo-2-(m-tolyl)-1 ,6-dihydro-1 -pyrimidinyl]-N-[1 (S)-benzyl-3 ( 3-difluoro-2-oxo-3-(ethoxycarbo- 
nyl)propyl]acetamide. 

The title compound was synthesized in the same manner as in Example 2. That is, the title compound in Example 
94 (930 mg, 1 .44 mmoi) was reacted under a hydrogen atmosphere in the presence of 10% palladium carbon (306 mg) 
in methanol (10 mL) to give 682 mg (92 %) of the title compound as colorless crystals. 

mp 146-147°C 

1 H-NMR (500 MHz, DMSO-de) 5 8.89 (d, J = 6.8 Hz, 1H). 7.31-7.09 (m, 10H). 5.12 (s. 2H), 4.85 (m, 1H), 4.44 (d. 
J = 16.5 Hz, 1H), 4.36 (d, J = 16.5 Hz, 1H), 4.25 (q, J = 7.1 Hz, 2H), 3.09 (dd, J = 14.1, 5.0 Hz, 1H), 2.81 (dd, J = 
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14.1, 9.0 Hz. 1H), 2.30 (s, 3H), 1.18 (t, J = 7.1 Hz, 3H) 
IR (KBr) 3400, 3310, 3020, 1750, 1640, 1605, 1520 cm" 1 
MS (SIMS, positive) m/z 513 (MH + ) 

Example 97 

Synthesis of 2-[5-amino-6-oxo-2-(m-tolyl)-1 ,6<Ghydro-1 -pyrimidinyl]-N-[1 (S)-benzyl-3 ( 3-dif luoro-2-oxo-3-carboxypro- 
pyl]acetamide. 

The title compound was synthesized in the same manner as in Example 60. That is, the title compound in Example 
96 (90.2 mg. 0.176 mmol) was reacted with 0.1 N aqueous sodium hydroxide solution (2.5 mL) in THF (2.5 mL) to give 
71 mg (83%) of the title compound as colorless crystals. 

mp 118-121*0 

1 H-NMR (500 MHz, DMSOd 6 ) 6 8.79 (d, J = 7.3 Hz, 1H), 7.31-7.10 (m, 10H), 4.94 (m p 1H), 4.42 (d, J = 16.5 Hz, 
1H), 4.37 (d, J = 16.5 Hz, 1H), 3.13 (dd, J = 14.2, 4.1 Hz, 1H), 2.75 (dd, J = 14.2, 9.3 Hz, 1H), 2.30 (s, 3H) 
IR (KBr) 3400. 3300. 3050, 1690, 1655, 1605, 1555 cm- 1 
MS (SIMS, negative) m/z 483 [(M-H) + ] 

Example 98 

Synthesis of 2^5-metrx>xysuccinyiamino-6-oxo-2-(m-tolyl)-1 ,6-dihydro-1 -pyrimidinyl]-N-[1 (S)-benzyl-3,3-difluoro-2- 
oxo-3-(ethoxycarbonyl)propyQacetamide. 

The title compound was synthesized in the same manner as in Example 55. That is, the title compound in Example 
96 (470 mg, 0.917 mmol) was reacted with sodium carbonate (272 mg, 2.57 mmol) and methylsuccinyl chloride (0.14 
mL, 1.1 mmol) in THF (10 mL) to give 548 mg (95%) of the title compound as a colorless amorphous. 

1 H-NMR (500 MHz, DMSO-ds) 5 9.56 (s, 1H), 8.97 (d. J = 6.8 Hz, 1H), 8.78 (s, 1H), 7.36-7.10 (m, 9H), 4.87 (m, 
1H), 4.49 (d. J = 16.8 Hz, 1H), 4.43 (d, J = 16.8 Hz. 1H), 4.26 (q. J = 7.1 Hz, 2H), 3.59 (s, 3H), 3.10 (dd, J = 14.1, 
5.0 Hz, 1H), 2.80 (dd. J = 14.1. 9.0 Hz, 1H), 2.76 (t, J « 7.0 Hz, 2H), 2.58 (t, J « 7.0 Hz, 2H), 2.32 (s. 3H), 1.17 (t, 
J = 7.1 Hz, 3H) 

IR (KBr) 3330, 1775. 1735. 1690, 1645, 1595, 1515 cm" 1 
MS (SIMS, positive) m/z 627 (MH + ) 

Example 99 

Synthesis of 2-[5-hydroxysuccinyIamino-6-oxo-2-(m-tdyl)-1 I 6-dihydro-1-pyrim 
3-carboxypropyl]acetamide. 

The title compound was synthesized in the same manner as in Example 60. That is, the title compound in Example 
98 (265 mg, 0.423 mmol) was reacted with 0.1 N aqueous sodium hydroxide solution (10 mL) in THF (10 mL) to give 
208 mg (84%) of the title compound as colorless crystals. 

mp 134-136°C 

1 H-NMR (500 MHz, DMSO-d 6 ) 5 12.0 (brs, 1H), 9.54 (s, 1H), 8.90 (d. J = 7.2 Hz. 1H), 8.79 (s. 1H), 7.35-7.15 (m. 
9H), 4.96 (m, 1H), 4.44 (s, 2H), 3.14 (dd, J = 14.2, 3.9 Hz, 1H), 2.75 (dd, J = 14.2, 9.5 Hz, 1H), 2.70 (t, J = 6.9 Hz, 
2H), 2.50 (m, 2H), 2.31 (s, 3H) 

IR (KBr) 3700-2300. 1755, 1720, 1700, 1680, 1655, 1605, 1510 cm 1 
MS (SIMS, positive) m/z 585 (MH + ) 

The compounds obtained in the above Examples are shown in Tables 1 -7. 
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Experimental Example 1 : Inhibitory activity of the inventive compound on human heart chymase 

The effectiveness of the inhibitory activity of compound (Q of the present invention was evaluated based on the 
inhibitory activity on amidase activity of human heart chymase, which was determined as in the following. 

The inhibitory activity was quantitatively determined through variation in fractional residual activity of the enzyme 
caused by the inventive compound in defined serial concentration (<x1 , <x10, <x 100-fold equivalents) relative to 5 nM 
chymase in the presence of synthetic substrate, succinyl-alanyl-alanyl-prolyl-phenytalanine-p-nitroanilide (final concen- 
tration 2.5 mM). The inhibitory effect was analyzed by least square regression of Easson-Stedman plot (Proc. Roy. Soc. 
B. 1936, 121, p. 141) utilizing bimolecular equilibrium reaction linearization formula. The inhibitory activity was evalu- 
ated by the apparent inhibitory constant (Kiapp) obtained by this analysis and inhibitory constant (Ki) calculated from 
final substrate concentration in the reaction mixture and Km values separately determined. The quantitative determina- 
tion of initial rate of the enzyme reaction was spectrophotometrically detected in terms of an increased amount of p- 
nitroaniline at 405 nm produced by hydrolysis of the substrate. The chymase inhibitory activity of the compound of the 
present invention was calculated as ratio of residual activity in the presence of inhibitor relative to enzyme activity in the 
absence of inhibitor, and incorporation of the determination values was completed at a level less than initial rat guar- 
antee absorbance at a concentration of the substrat used for the enzyme, after which analysis was performed. 



73 



EP 0 826 671 A1 



The reaction mixture consisted of an Na 2 B 4 07 0°° mM)-KH 2 P0 4 (50 mM) buffer (pH 9.0. 120 pJ) containing 0.1% 
Trilon-XlOO, the inventive compound dissolved in 20 \i\ of 10% dimethyl sulfoxide (DMSO), 10% bovine serum albumin 
dissolved in 20 |il of th same buffer, substrate dissolved in 20 jil of DMSO, and 20 pJ of chymase, thus amounting to 
200 \i\ in total. 

Starting with the absorbance immediately after addition of the enzyme, increases in absorbance were recorded as 
a progressive curve taken precisely at equal time intervals. 

From the above data, the difference between absorbances at completion of the reaction and immediately after addi- 
tion was used to quantitatively determine the residual activity of the sample added with the inhibitor relative to a control 
wherein the inhibitor was not added. Alternatively, reaction rates of the control and the sample added with the inhibitor 
were calculated for certain time period (s 20 min) with successive shift (every 1 0 to 30 minutes) of the period, and the 
residual activity ratio was quantitatively determined and analyzed from the respective reaction rates averaged through 
the entire reaction time. 

The inhibitory activity against human leukocyte elastase was determined using N-methoxysuccinyl-alanyi-alanyl- 
prolyl-valine-p-nitroanilide as a substrate and 0.1 M Tris-HCI (pH 8.0) containing 20 mM CaCI 2 and 0.1% Tween 80 as 
a buffer, wherein other compositions and method were the same as above. 

The results of human heart chymase inhibitory activity test of representative compound (I) of the present invention 
are shown in Table 8. 



Table 8 



compound 


KiftiM) 


compound 


Ki(|iM) 


Example 2 


7.2 


Example 47 


13.0 


Example 3 




Example 48 


7.7 


Example 4 


4.1 


Example 50 


8.3 


Example 5 


8.7 


Example 52 


7.4 


Example 6 


7.0 


Example 53 


9.3 


Example 7 


4.8 


Example 54 


3.3 


Example 8 


5.9 


Example 58 


2.5 


Example 10 


7.2 


Example 61 


2.3 


Example 29 


3.9 


Example 62 


1.8 


Example 31 


10.0 


Example 71 


10.0 


Example 32 


8.4 


Example 73 


4.8 


Example 33 


3.0 


Example 81 


2.9 


Example 45 


4.7 


Example 86 


2.9 


Example 46 


1.9 


Example 99 


10.0 



On the other hand, the inhibitory activity against human leukocyte elastase was >10 5 jiM for every compound. 
From the above results, it is evident that the compound (I) of the present invention does not inhibit human leukocyte 
elastase at all, but strongly inhibits human heart chymase. 
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Formulation Example 1 : tablets 





(1) compound (1) of the invention 


10 mg 


s 


(2) fine particle No. 209 lor direct compression (manufactured by Fuji Kagaku) 


46.6 mg 




magnesium aluminate metasilicate 


20% 




corn starch 


30% 


10 


lactose 


50% 




(3) crystalline cellulose 


24.0 mg 




(4) calcium carboxylmethylcellulose 


4.0 mg 




(5) magnesium stearate 


0.4 mg 



15 



(1), (3) and (4) were respectively passed through a 100 mesh sieve in advance. These (1). (3), (4) and (2) were 
respectively dried to certain water contents, and mixed in a mixer at the above-mentioned weight ratios. To the entirely 
homogeneous powder mixture was added (5) and the mixture was mixed for a short time (30 sec). The mixed powder 
20 was compressed using a pounder (6.3 mm 0, 6.0 mm R) to give tablets weighing 85 mg per tablet 

These tablets may be coated using an enteric film coating agent such as polyvinyl acetal diethytaminoacetate) or 
edible colorant, as necessary. 



Formulation Example 2 : capsules 

25 





(1) compound (I) of the invention 


50 g 




(2) lactose 


935 g 


30 


(3) magnesium stearate 


15g 



The above-mentioned ingredients were weighed and homogeneously mixed. The mixed powder was filled in hard 
gelatin capsules by 200 mg each. 

35 

Formulation Example 3 : injections 



40 



(1) hydrochloride of compound (I) of the invention 

(2) sucrose 

(3) physiological saline 



5mg 
100 mg 
10 ml 



45 The mixed solution of the above ingredients was passed through a membrane filter, and again sterilized by filtration. 
The filtered solution was aseptically dispensed into vials, and the vials were sealed after filling nitrogen gas, to give 
intravenous injections. 

The heterocyclic amide compounds and pharmacologically acceptable salts thereof of the present invention have 
superior inhibitory activity against chymase groups in mammals inclusive of human, and can be administered orally or 
so parenteral!/ Therefore, they are useful as chymase inhibitors and can be effective for the prophylaxis and treatment of 
various diseases caused by chymase, such as those caused by angiotensin II. 

Claims 



55 1 . A heterocyclic amide compound of the formula (I) 
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0 0 



wherein 

R is hydrogen, -CHO, -CONH 2 , -COR 1 , -COOR 1 . -CONHOR 1 . -CONHR 1 . -CONFER 1 '. - 

CONHS0 2 R 1 , -COSR 1 , -COCOR 2 -COCOOR 2 , -CONHCOOR 2 , -CX3CONR 3 R 4 , -CSXR 1 , - 
S0 2 WR 1 , -S0 2 NR 1 R 1 * or -S0 2 E 
wherein 

R 1 and R 1 ' may be the same or different and each is independently alky), cycloalkyl, 
cycloalkylalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocydeor heterocycleaikyi, R 2 , 
R 3 and R 4 may be the same or different and each is independently hydrogen, alkyl or aryla- 
lkyl, -NR 3 R 4 may, in combination, show heterocycle, X is a direct bond, -NH-, -O- or -S-, W is 
a direct bond, -NH-. -NHCO-. -NHCOO- or -NHCONH-, and E is hydroxy or amino; 

R 5 , R 6 and R 7 may be the same or different and each is independently hydrogen or alkyl f or one of R 5 , R 6 and 

R 7 is aryl, arylalkyl, arylalkenyl. heteroaryl, heteroarylalkyl or heteroaryialkenyl and the rest are 
hydrogen; 

M Is a carbon or nitrogen, provided that when M is a nitrogen, R 6 is void; 

Y is cycloalkyl, aryl or heteroaryl; 

Z is -CF 2 R 8 . -CF 2 CONR 9 R 10 , -CF 2 COOR 9 . -COOR 9 or -CONR 9 R 10 

wherein 

R 8 is hydrogen, halogen, alkyl, perfluoroalkyl, aminoalkyl, alkylaminoalkyl, dialkylaminoalkyl, 
alkoxyalkyl, hydroxyalkyl, aryl, arylalkyl, arylalkenyl, heteroaryl, heteroarylalkyl or heteroary- 
ialkenyl. & and R 10 may be the same or different and each is independently hydrogen, alkyl, 
alkenyl. cycloalkyl, cycloalkylalkyl, heterocyclealkyl, aryl, arylalkyl, arylalkenyl, heteroaryl, 
heteroarylalkyl or heteroaryialkenyl, and -NR 9 R 10 may, in combination, show heterocycle; 
and 

n is 0 or 1 ; 

provided that, 

of the above-mentioned groups, alkyl, cycloalkyl, cycloalkylalkyl, aryl, arylalkyl. arylalkenyl, heter- 
oaryl, heteroarylalkyl, heterorarylalkenyl, heterocycle and heterocyclealkyl optionally have sub- 
stituent(s), or 

a pharmacologically acceptable salt thereof. 

The heterocyclic amide compound of claim 1, wherein, in the formula (I), Y is an aryl optionally having substitu- 
ent(s), or a pharmacologically acceptable salt thereof. 

The heterocyclic amide compound of claim 1 or claim 2, wherein, in the formula (I), Z is -CF 2 R 8 or -CF 2 CONR 9 R 10 . 
or a pharmacologically acceptable salt thereof. 

The heterocyclic amide compound of any one of claims 1 to 3, wherein, in the formula (I), one of R 5 , R 6 and R 7 is 
an aryl optionally having substituent(s) and the rest are hydrogen, provided that when M is nitrogen, R 6 is void, or 
a pharmacologically acceptable salt thereof. 

A compound of th formula (II) 
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0 OH 



wherein 

R is hydrogen, -CHO. -CONHa, -COR 1 . -COOR 1 , -CONHOR 1 . -CONHR 1 , -CONR 1 R 1 '. - 

CONHS0 2 R\ -COSR 1 , -COCOR 2 -COCOOR 2 -CONHCOOR 2 -COCONR 3 R 4 , -CSXR 1 , - 
SO2WR 1 , -S0 2 NR 1 R 1 ' or -S0 2 E 
wherein 

R 1 and R 1< may be the same or different and each is independently alkyf, cycloalkyl, 
cycloalkylalkyi, aryi, arylalkyl, heteroaryl, heteroarylalkyl, heterocycle or heterocyclealkyl, R 2 , 
R 3 and R 4 may be the same or different and each is independently hydrogen, alky! or aryla- 
lkyl, -NR 3 R 4 may. in combination, show heterocycle, X is a direct bend, -NH-, -O- or -S-, W is 
a direct bond. -NH-, -NHCO-, -NHCOO- or -NHCONH-, and E is hydroxy or amino; 

R 5 , R 6 and R 7 may be the same or different and each is independently hydrogen or alkyf. or one of R 5 , R 6 and 

R 7 is aryl, arylalkyl, arylalkenyl, heteroaryl, heteroarylalkyl or heteroarylalkenyl and the rest are 
hydrogen; 

M is a carbon or nitrogen, provided that when M is a nitrogen, R 6 is void; 

Y is cycloalkyl, aryl or heteroaryl; 

Z is -CF 2 R 8 , -CF 2 CONR 9 R 10 , -CF 2 COOR 9 , -COOR 9 or -CONFER 10 

wherein 

R 8 is hydrogen, halogen, alkyl, perfluoroalkyl, aminoalkyl. alkylaminoalkyl, dialkylaminoalkyt, 
alkoxyalkyl, hydroxyalkyl, aryl, arylalkyl, arylalkenyl, heteroaryl, heteroarylalkyl or heteroary- 
lalkenyl, R 9 and R 10 may be the same or different and each is independently hydrogen, alkyl, 
alkenyl, cycloalkyl, cycloalkylalkyi, heterocyclealkyf, aryl, arylalkyl, arylalkenyl, heteroaryl, 
heteroarylalkyl or heteroarylalkenyl, and -NR 9 R 10 may, in combination, show heterocycle; 
and 

n is 0 or 1 ; 

provided that, 

of the above-mentioned groups, alkyl, cycloalkyl, cycloalkylalkyi, aryl, arylalkyl, arylalkenyl, heter- 
oaryl, heteroarylalkyl, heteroarylalkenyl, heterocycle and heterocyclealkyl optionally have substit- 
uent(s). 

A pharmaceutical composition comprising the heterocyclic amide compound of any one of claims 1 to 4 or a phar- 
macologically acceptable salt thereof, and a pharmacologically acceptable carrier. 

The pharmaceutical composition of claim 6, which is a chymase inhibitor. 



77 



EP 0 826 671 A1 



INTERNATIONAL SEARCH REPORT 



| International application No. 

j PCT/JP96/01171 



A. CLASSIFICATION OF SUBJECT MATTER 

Int. CI 6 C07D213/64, A61K31/44 

According to international Patent Claiaifi cation (IPO or to both national classification and IPC 



B- FT ELDS SEARCHED 



Midi mum oocumestauoa searcncd t classification system followed by classification symooisi 
Int. CI 6 C07D213/64, A61K31/44 



Documentation searched other thao mi aim urn oocutneniauoa in the exteai that such do cuts eats are iododcd m tae He! as searched 



Electronic data base consulted during the ifuemauooat scarcn ids me of dau base and. wnere practicable, search terms used) 

CAS ONLINE 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



ICa 



lecorv 



Otauon of document* with indication, wnere appropriate, of the relevant passages 



Relevant to claim No. 



EA 



WO, 95/26958 , Al (SANOFI Wi:iTHROP INC.), 
Mav 12, 1995 (12. 05. 95) 
& AU, 9522323, A 

WO, 93/21209, Al ( ZENECA LTD.), 
October 28, 1993 (28. 10. 93) 
& EP r 636142, Al * JP, 7-505874, W 
& US, 5486529, A 

WO, 93/21210, Al (ZENECA LTD.) , 
October 28, 1993 (26. 10. 93) 
& EP, 636141, Al & JP, 7-505876, W 
£> US, 5441960, n 



1-7 



1-7 



1-7 



f"| Further documents are listed in the continuation of Box C. See patent family annex. 



* Special caieponee of dtat < 

"A '* documeat dctiaiet the feacrel state or the an waica is act ooestdf red 
to he of parucuUr retevsoee 

**E" earlier docwmeal hut evbtished o» or after tea ioiereauoaat Glint dale 

~L~ documeat which on throw dovbts on prioriw claim* s> or which is 
cited to esubusb the puhiicauoo dale ot aaoiaer ntattoa or otacr 
special rcasoo les specified} 

**0" docusseei itf erring id aa oral disclosure, use. azhibiiioD or other 



later documeat published after the istereauoaal Ob ag date er priority 
date mod mm ib conflict with the appi icmuoo but a tod to i 
the pneapte or taeory ••derlvisc Um i 



documeat of panicBlar reirvaecc: the claimed lavcatioa caaeot be 
eooaidered eovel or eaaeoi be eoaaidered to iuwofva aa taveaww 
step weea the docatsest is takca alone 



*T" doouoeei pubusbed prior lo tb« mternauoaai Giieg daw hut later ibao 
ibe prion rv date ciainea 



*Y" documeat of panic* tar relevance: the claimed iaveeuoo 
eoaaidered to iavoivt aa tavesatvt step waea the 
combined with oae or more other 
being oovious to a penoa skilled ia the art 

*4" document member of the same tweet faasilv 



be 
ts 



Date of the actual completion ot the international search 

August 16, 1996 (16. 08. 96) 



Date of mailing of the international search report 

August 27, 1996 (27. 08. 96) 



Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 



Authorized officer 



Telephone No. 



Form PCT/1SA/210 (second sheet) (July 1992) 



78 



J 7 



it 



